Economic optimization models of multiple cropping system: applied to the Philippines by Prantilla, Ed Barrios
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1972
Economic optimization models of multiple
cropping system: applied to the Philippines
Ed Barrios Prantilla
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agricultural and Resource Economics Commons, and the Agricultural Economics
Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Prantilla, Ed Barrios, "Economic optimization models of multiple cropping system: applied to the Philippines" (1972). Retrospective
Theses and Dissertations. 5273.
https://lib.dr.iastate.edu/rtd/5273
INFORMATION TO USERS 
This dissertation was produced from a microfilm copy of the original document. 
While the most advanced technological means to photograph and reproduce this 
document have been used, the quality is heavily dependent upon the quality of 
the original submitted. 
The following explanation of techniques is provided to help you understand 
markings or patterns which may appear on this reproduction. 
1. The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the 
missing page(s) or section, they are spliced into the film along with 
adjacent pages. This may have necessitated cutting thru an image and 
duplicating adjacent pages to insure you complete continuity. 
2. When an image on the film is obliterated with a large round black 
mark, it is an indication that the photographer suspected that the 
copy may have moved during exposure and thus cause a blurred 
image. You will find a good image of the page in the adjacent frame. 
3. When a map, drawing or chart, etc., was part of the material being 
photographed the photographer followed a definite method in 
"sectioning" the material. It is customary to begin photoing at the 
upper left hand corner of a large sheet and to continue photoing from 
left to right in equal sections with a small overlap. If necessary, 
sectioning is continued again — beginning below the first row and 
continuing on until complete. 
4. The majority of users indicate that the textual content is of greatest 
value, however, a somewhat higher quality reproduction could be 
made from "photographs" if essential to the understanding of the 
dissertation. Silver prints of "photographs" may be ordered at 
additional charge by writing the Order Department, giving the catalog 
number, title, author and specific pages you wish reproduced. 
University Microfilms 
300 North Zeeb Road 
Ann Arbor, Michigan 48106 
A Xerox Education Company 
72-26,938 
PRANTILLA, Edmundo Barrios, 1940-
EœWDMIC OPTIMIZATION MODELS OF MULTIPLE 
CROPPING SYSTEM: APPLIED TO THE PHILIPPINES. 
Iowa State University, Ph.D., 1972 
Economics, agricultural 
University Microfilms, A XEROX Company , Ann Arbor, Michigan 
miiTf- nToocnTATTAM UAC KPPM MTrDHRTT MFH FYAP.TT.Y AS RECEIVED. 
Economic optimisation models of multiple 
cropping system: Applied to the Philippines 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Department: Economics 
Major; Agricultural Economics 
by 
Edmundo Barrios Prantilla 
Ap{ 
In Charge of Major Work 
Major Department
For the Graduate College 
Iowa State University 
Ames, Iowa 
1972 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
PLEASE NOTE: 
Some pages may have 
indist inct print .  
Fi lmed as received.  
University Microfi lms, A Xerox Education Company 
3 
3 
5 
5 
13 
19 
24 
29 
30 
32 
32 
36b 
44 
46 
48 
48 
52 
52 
55 
57 
58 
60 
60 
6 2  
62  
63 
65 
69 
ii 
TABLE OF CONTENTS 
INTRODUCTION 
The Objectives 
The Plan of Study 
OPTIMIZATION MODELS OF MULTIPLE CROPPING SYSTEMS 
A Brief Discussion of Some Mathematical 
Programming Concepts 
Description and Specification of Factors in 
Multiple Cropping Operation 
The Models 
Variants of the Two Basic Models 
Summary 
A Note on Multiple Cropping versus Crop Rotation 
ASPECTS OF MULTIPLE CROPPING IN THE PHILIPPINES 
Cropping Patterns and Cultural Practices in Some 
Farms in the Philippines 
Resource Utilization in Some Farms in the 
Philippines 
Factor Returns Under Some Cropping Patterns 
in the Philippines 
Summary 
THE DATA 
Rice 
Corn 
Soybean 
Sweet Potato 
Onion 
Summary 
RESULTS AND DISCUSSIONS 
The Hypothetical Farm 
Optimal Solutions to Multiple Cropping 
Operations Using Model 1 
Optimal Net Returns for Two Cropping Seasons 
Optimal Combination of Crops for Two Cropping 
Seasons 
Optimal Input Requirements for Two Cropping 
Seasons 
Dual Activity Values of Resources for Two 
Cropping Seasons 
iii 
Page 
Optimal Solutions to Multiple Cropping 
Operations Using Model 2 
Optimal Net Returns for Two Cropping Seasons 
Optimal Combination of Crops for Two Cropping 
Seasons 
Optimal Input Requirements for Two Cropping 
Seasons 
Dual Activity Values of Resources fez I'wo 
Cropping Seasons 80 
Summary 82 
CHAPTER VI. SUMMARY AND CONCLUSION 85 
BIBLIOGRAPHY 89 
ACKNOWLEDGMENTS 92 
APPENDIX A 93 
APPENDIX B 104 
iv 
Page 
LIST OF FIGURES 
Figure 1. Hypothetical scheduling of crops of multiple 
cropping operation with the cropping period 
based on the primary crop 21 
Figure 2. Hypothetical scheduling of crops on. multiple 
cropping operation with no predetermined 
cropping period division 22 
Figure 3. Patterns of land utilization in seven provinces 
of Luzon, Philippines, 1962-63 36a 
y 
LIST OF TABLES 
Page 
Table 1. Average cropland and land use intensity by 
cropping pattern. Central Luzon, Philippines, 
1962-63 38 
Table 2. Average potential labor and labor requirements 
per hectare by cropping pattern, Central Luzon, 
Philippines, 1962-63 39 
Table 3» Net returns per hectare and returns per unit of 
land, labor and capital by cropping pattern. 
Central Luzon, Philippines, 1962-63 45 
Table 4. Input-output coefficients of four rice varieties 
on per hectare basis, Laguna, Philippines, 
crop year 1967-68 50 
Table 5. Input-output coefficients of corn, soybean, sweet 
potato, and onion crops on per hectare basis, 
Philippines 53 
Table 6. Optimal net returns above variable cost of multiple 
cropping operations using Model 1 for two 
cropping seasons 63 
Table 7. Optimal area planted to crops using Model 1 for 
two cropping seasons in hectares 64 
Table 8. Model 1, Case 1: Optimum input requirements for 
two cropping seasons 66 
Table 9. Model 1, Case 2A: Optimum input requirements for 
two cropping seasons 67 
Table 10. Model 1, Case 2B: Optimum input requirements for 
two cropping seasons 68 
Table 11. Dual activity values of resources using Model 1 70 
Table 12. Optimal net returns above variable cost of 
multiple cropping operations using Model 2 for 
two cropping seasons 74 
Table 13. Optimal area planted to crops using Model 2 for 
two cropping seasons in hectares 76 
Page 
77 
78 
79 
81 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
vi 
Model 2, Case 1: Optimum input requirements 
for two cropping seasons 
Model 2, Case 2A: Optimum input requirements 
for two cropping seasons 
Model 2, Case 2B: Optimum input requirements 
"or two cropping seasons 
Dual activity values of resources using Model 2 
Input-output data on IR-8 rice variety, dry 
se? "on 1967-68, on per hectare basis, Laguna, 
PI: lippines 
Input-output data on IR-8 rice variety, wet 
season 1967-68 on per hectare basis, Laguna, 
Philippines 
Input-output data on Intan rice variety, dry 
season 1967-68, on per hectare basis, Laguna, 
Philippines 
Input-output data on Intan rice variety, wet 
season 1967-68, on per hectare basis, Laguna, 
Philippines 
Input-output data on Wagwag rice variety, dry 
season 1967-68, on per hectare basis, Laguna, 
Philippines 
Input-output data on Glutinous rice variety, wet 
season 1967-68, on per hectare basis, Laguna, 
Philippines 
Input-output data on corn, on per hectare . basis, 
crop year 1967-68, Laguna, Philippines 
Input-output data on soybean, on per hectare basis, 
Philippines 
Input-output data on sweet potato, on per hectare 
basis, Philippines 
Input-output data on onion, on per hectare basis, 
Philippines 
vii 
Page 
Table B. la. Model 1, Case 1: Row output 105 
Table B.lb. Model 1, Case 1: Column output 107 
Table B.2a. Model 1, Case 2A: Row output 109 
Table B.2b. Model 1, Case 2A: Column output 111 
Table B,3a. Model 1, Case 2Br Row output 112 
Table Bo3b. Model I, Case 2B: Column output 114 
Table B.4a. Model 2, Case 1; Row output 115 
Table B.4b. Model 2. Case 1: Column output 117 
Table B.5a. Model 2, Case 2A: Row output 118 
Table B.5b. Model 2, Case 2A: Column output 120 
Table B.6a. Model 2, Case 2B: Row output 121 
Table B. 6b. Model 2, Case 2B: Column output 123 
1 
CHAPTER I. INTRODUCTION 
This study attempts to develop economic optimization models for 
multiple cropping systems. 
Multiple Clipping is the practice of planting a crop or crops 
on a given piece of land two or more times in one year. The opportunity 
to engage in multiple cropping operation exists whenever surplus labor 
and capital occur. Land, as a resource, is generally a limiting factor 
in most cases where multiple cropping is practiced. Hence, parallel 
to the profit maximization objective of multiple cropping is the goal 
to "minimize the number of days the land is idle" (5, p.4). 
For most developing countries, particularly those in Southeast 
Asia, multiple cropping is viewed as a vehicle from which increases in 
agricultural production can be attained. This is so because in this 
region, the pressure of population on land is great giving rise to a 
low land-man ratio. Significant increases in agricultural production 
therefore, which is critical for economic development, could not take 
place via extensive land cultivation. These increases in agricultural 
production must occur through intensive use of the existing cultivated 
land and the very limited potentially arable land (8, p. 2). 
The feasibility of multiple cropping to effect an intensive use 
of land in countries with low land-man ratio is strengthened by sig­
nificant developments in the field of plant breeding during the recent 
years. Specifically, this refers to the appearance of high yielding, 
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early maturing, nonphotoperiodic varieties of crqjs, for example, rice 
and wheat, which makes it possible for farmers to plant several times 
in one year on a given piece of land. Consequently, the presence of 
water resources and favorable climate in most Southeast Asian countries 
facilitates the adaption of multiple cropping practice. 
The potential output of a particular piece of land used in multiple 
cropping can be seen in an experiment conducted by Bradfield (5, p.2). 
He reported that in an experiment at the International Rice Research 
Institute (IRRI) extending over several years, an average total of 
20 tons of rough rice has been produced on one hectare of land in one 
year by giuwing three crops of the new high yielding varieties with 
proper cultural practices. This output is over five times as much 
rice as the average farmer produces using traditional varieties and 
practices. 
Attempts have been made to maximize the profit of the farm 
practicing multiple cropping by the use of linear programming techniques 
(23). The first significant thrust to develop optimization models, 
however, was provided by Heady and Agrawal (17). Their paper laid down 
the fundamental steps from which an economic optimization model of 
multiple cropping may be developed. Heady and Agrawal advanced that 
operational models of multiple cropping should determine simultaneously: 
1) the optimal choice of crops within a given period of the year, 2) the 
optimal technology for each of these crops, 3) the optimal delineation 
of crop production periods within the year, and 4) the optimal sequencing 
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of crops over the year. These basic steps provide the benchmark in 
the model-building aspect of this study. 
The Objectives 
There are two primary objectives of this study; 
1) To construct optimization models for multiple cropping 
operations, and 
2) To apply the optimization models using actual data. 
The first objective is accomplished by the use of mathematical 
programming techniques, and the second objective is achieved by using 
Philippine data on crop production. Auxiliary objectives such as the 
policy implications of the optimal solutions are dealt with in the 
interpretations of the results and in the conclusion of the study. 
The Plan of Study 
This study is divided into six chapters. CHAPTER I deals with 
the introductory part of the study. CHAPTER II is devoted to the 
construction of optimization models of multiple cropping operation. 
Two basic models are constructed in detail. The first model (Model 1) 
optimizes a multiple cropping operation with cropping periods set in 
advance given a planning horizon. This model forces the farm to 
produce at least a given amount of the primary crop on every cropping 
season. The second model (Model 2) does not force any specific crop 
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into the optimal activity vector, instead the model may be left to 
program the optimal number of cropping periods for a given planning 
horizon and the optimal combination of crops for each cropping period. 
CHAPTER IV discusses the source of the data used in the study. 
Although the models constructed are geared primarily to the multiple 
crapping operations of a particular farm, the technical coefficients 
used in this study are not taken from a specific farm. The resulting 
optimal values computed therefore are valid only to a hypothetical farm 
which may not exist. 
CHAPTER V presents the empirical part of the study. Optimal 
solutions to the problems were obtained using the IBM 360 computer of 
Iowa State University. The specific program used was MPSX/360 - L.P.. 
Optimal values reached are discussed separately preceded by the assump­
tions imposed upon the farm. 
Finally, CHAPTER VI presents the SUMMARY and CONCLUSION of 
the study. 
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CHAPTER II. OPTIMIZATION MODELS OF MULTIPLE CROPPING SYSTEMS 
This chapter develops the analytical models used in the maximiza­
tion of returns in multiple cropping operations. The models are con­
structed using the mathematical programming techniques developed by 
Dantzig (9) and others, and the general multiple cropping model employed 
by Heady and Agrawal (17). 
To provide a systematic presentation, this chapter discusses 
first some relevant mathematical programming concepts. This is 
followed by a discussion on the description and specification of ac­
tivities and factors of production used in multiple cropping operations 
and finally the construction of the optimization models. 
A Brief Discussion of Some Mathematical Programming Concepts 
Linear programming is a method of maximizing or minimizing a 
linear objective function subject to some linear constraints. In a 
standard linear programming problem (the primal), the object is to 
find a vector X = (Xi,...,Xn) which maximizes the objective function 
Max F(X) = Z. This problem can be presented as: 
(1) Max F(X) = c'X = Z 
subject to 
(2) AX b 
X 0 
where. A, X c and b are matrices with dimensions m x n, n x 1, n x 1, 
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and m X 1 respectively. 
Associated with the primal linear programming problem given by 
Equations 1 and 2, there exists another linear programming problem 
called the dual where the object is to find a vector Y = (y^,..., 
ym) which minimizes the objective function Min GCY). This problem 
may be stated as: 
(3) Min G(Y) = b' Y = W 
subject to 
(4) A ^  c 
¥  ^  0 .  
Some important results of this duality relationship can be sum­
marized as follows (30, p. 24 - 26): 
If the primal has an unbounded solution the dual has no 
solution. 
2) If the vectors X and Y are feasible for the primal and 
the dual linear programming problems respectively, then 
c'X ^ b' Y. 
3) Any optimal feasible solution pair (X*, satisfies 
the saddle point property, i.e., by constructing the 
Langrangian form of the linear programming problem as, 
^(K,Y*)= C'X + Y* (b-AX) 
the saddle point property can be expressed as, 
(x,Y*)6/(x*,X*)6^(x*,Y) V-diY. 
4) If the primal linear programming problem has a unique 
feasible vector X* giving the maximum value of Z, the 
dual linear programming problem need not necessarily 
have a unique optimal feasible vector Y*. 
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5) Any dual variable at the optimal point Y* can be interpreted 
as the marginal net profitability of the corresponding 
resources, that is, Y* ®^Z*/^bi, where Z* is the 
maximum value of the objective function in the primal 
maximization problem. 
Proofs of these results can be found in uiost mathematical programming 
textbooks, see for example, Karlin (24), Vajda (33), and Dantzig (9). 
The use of linear programming in general economic analysis, on the other 
hand, is well represented in the book by Dorfman, Samuelson and Solow 
(13) and on agricultural economics by Heady and Candle% (18). 
Two types of linear programming models are constructed in this 
study, namely; 1) the deterministic, continuous type and 2) the 
stochastic type. 
The deterministic, continous model assumes that the set of points 
satisfying all contraints or the feasible region is convex, and the 
objective function to be optimized is continuous. Moreover, it Is 
assumed that the technological coefficients, the resource availabilities 
and the net prices are known without error. This type of linear 
programming problem is represented by Equations 1 and 2. 
Stochastic linear programming, on the the other hand, deals with 
a situation where any or all coefficients A, C and b have probability 
distribution. Hence, these coefficients possess random components and 
are not treated as constants. Assuming the situation to be so, the 
optimizing problem can be stated as: 
(5) Max F(X) = (c +^)'X = Z 
subject to 
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(6) (A + a)x ^  (b + p) 
X à 0 
where the technological coefficient matrix A, net prices vector c and 
the resource vector b have some constant elements and CX, y and 0 are 
their respective random components. Since, Oi, ^ and p are assumed to 
have some probability distribution the following relations hold (27); 
2 
E(«ij) ECa^j -//af = 0"^ 
E(y,) -//(% Ecfj 
, 2 _ 2 
EO^) ~/^Ç> - (f p 
These expected values, however, are not necessarily known. 
Tintner (32, p. 197-228) pioneered the application of stochastic 
linear programming in agricultural economics. His approach (31, p. 490-
494) to the problem is divided into two, namely: 1) the active approach 
and 2) the passive approach. On the passive approach, which Tintner 
labeled as unsatisfactory, the distribution of the objective function 
is first approximated and decisions are based upon this distribution. 
This approach assumes that the probability distribution of all random 
parameters of the problem (i.e.. A, b, and c) are known. 
The active approach to the problem considers the use of the amount 
of resources to be distributed to various activities as the decision 
variables. This problem can be formulated as: 
(7) Max F(X) = c'X = Z 
subject to 
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(8) AX 6 bu 
U i j ^ O  
where U is m x n matrix and U.. is the proportion of resource i devoted 
. ij 
to activity j. Tintner then assumes that the probability distribution 
P(A,b,c) is known which in effect makes possible the derivation of the 
probability distribution of the anticipated net profits which depends 
on the choice of the variables U^j. 
A simpler approach, but does not give point estimates, is given 
by Vajda (33, P- 206-216). He assumed that the technological coef-
ficients (A,b ,c) are known with the following known lower and upper 
limits : 
iz ^ij - ^ ij 
bi <r bj 6 bj 
S Cj < Cj" 
and derived relationships on the range of possible variation of the 
optimal value of the objective function. These relationships are: 
Min c-'X / Min c'X / Min c+'X 
A + K > b -  \  AX ^ b  \  A- X > b +  
and 
Max c"'X Max c'X y Max c^^X 
A+X^b AX ^ b A-X6b+ 
This approach is employed in the stochastic linear programming 
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model of this study. It is, however, modified in the following manner. 
The model now requires that if the technological coefficients are 
calculated from a sample of size n drawn from a normal population, the 
lower and upper limits of the technological coefficients will be ex­
pressed in terms of a 100 (1-0!) percent confidence interval about the 
sample mean. The same procedure is applied to the corresponding net 
prices and resource constraints. The analysis then proceeds with optimal 
activity vector defining the value of the optimal objective function 
relative to the confidence limits set and its corresponding probability 
of occurrence. 
Finally, the inclusion of time in the variables used in the 
optimization process brings the dynamic aspects of the problem. Two 
concepts of dynamic^ programming are reviewed here briefly. These 
concepts are: 1) the recursive programming developed by R. H. Day 
(10), and 2) the dynamic programming developed by R. E. Bellman (2). 
Recursive programming is essentially a generalization of the 
Henderson Model (19). The objective of the model revolves on the 
allocation of resources. If land is the only resource used, an upper 
and lower limit of the area a particular crop may occupy are set as 
the constraints. The model then proceeds to determine the area to be 
^The term dynamic, as used by R. H. Day, refers to the temporal 
structure and its consequence in time; general interdependence, to 
the interaction of the numerous forces such as production alternatives, 
prices, technological change, price supports and acreage controls 
which determines production patterns (10, p. vii). R. E. Bellman on 
the other hand defines dynamic as processes in which time plays a 
significant role and in which order of operation may be crucial 
(2, p. 4). 
11 
alloted to a particular crop. The process enables the model to predict 
the total area planted to crops and the total production of crops. 
Prediction in recursive programming is based entirely on the data 
supplied by the preceding crop year. 
A general recursive programming model is formulated as follows: 
(9) MaxTÎ^ = Z\ Xj, 
Xt 
subject to 
(10) BXj-^ b X]^ (t-l) , ° » »^n(t-l) »^l(t) ' • • •'^q(t) 
Xj.^ 0 t = 1, ..., oo . 
The open ended property of the model gives an indication that the 
decision maker has an infinite set of objective functions to optimize. 
Accordingly, the objective function is constrained by a system of 
difference inequations. These constraints can be functions not only of 
the lagged values of the process levels but of other variables as well, 
for example, Vq(t) if these values are predetermined by 
other recrusive models (dynamic equations) or are exogenous (10, p. 41-
44). 
Dynamic programming, on the other hand, concerns basically with 
finding a solution to a multi-stage allocation process (2, p. 4). The 
fundamental features which characterize dynamic programming problems 
are summarized as follows (21, p. 243-244): 
1) The problem can be divided up into stages with policy 
decision required at each stage. 
2) Each stage has a number of states associated with it. 
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3) The effect of the policy decision at each stage is to 
transform the current state into a state associated with 
the next stage. 
4) Given the current state, an optimal policy for the 
remaining stages is independent of the policy adopted 
in the previous states - the Markovian property of the 
system. 
5) The solution procedure begins by finding the optimal 
policy for each state of the last stage. 
6) A recursive relationship is available which identifies 
the optimal policy for each state with n stages remaining, 
given the optimal policy for each state with n-1 stages 
remaining. 
7) Using the recursive relationship, the solution procedure 
moves backward stage by stage - each time finding the 
optimal policy for each of that stage until it finds 
the optimal policy when starting at the initial stage. 
The use of time and stages in the model may appear to be con­
fusing especially if the n'^h stage corresponds to the n^^ period. 
As constructed, this will appear that we are optimizing first the last 
period of our planning horizon and then proceed to the first period. 
Actually, this may not be the case, that is, the problem may be con­
structed such that the n^h stage corresponds to the first period, the 
(n-1) stage to the second period, etc.. 
The algorithm generally used in dynamic programming appears in 
Bellman and Dreyfus (3). 
This concludes the brief review of some mathematical programming 
concepts related to this study. 
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Description and Specification of Factors 
in Multiple Cropping Operation 
To apply the mathematical programming techniques in the optimiza­
tion process of multiple cropping, this study defines first the activities 
involved in the operation and the constraints which limits the execution 
of such activities to a certain range. 
As defined, multiple cropping operation enables the farm operator 
to plant a crop or combination of crops a number of times in one year. 
The corresponding decision-making problem facing the farm operator is 
finding the optimal number of times he should divide one year into 
cropping periods and the crops or combination of crops he should plant 
in each cropping periods. 
The factors that form as the basis of this decision-making process 
are ; 
1. Activities ; Five types of real activities are employed in 
this study, namely; 1) the alternative crops to plant in a given cropping 
period, 2) a borrowing activity which will enable the farm operator to 
obtain the services of financing organizations if he wants to, 3) transfer 
activities which allow the shift of unused capital resource from one 
month to another, 4) man labor hiring activités for each month of the 
cropping periods and 5) man-animal labor hiring activities for each 
month of the cropping period. 
Alternative crops included as activities for different cropping 
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periods belong to a set restricted by their adaptability to a particular 
cropping season, type of land, climatic conditions, etc. These crops 
are assumed to be competitive, independent products with constant 
marginal rate of substitution (15, ch. 7). implying a linear production 
function for each crop activity as defined for this study. 
Transfer activities used in this study are assumed to be costless. 
The borrowing activity, however, has negative prices equal to the pre­
vailing rate of interest. Consequently, the man labor hiring activities 
and the man-animal labor hiring activities also have negative prices 
equal to their respective minimum wage rates. 
2. Resources ; Multiple cropping requires the same kind of inputs 
as the ordinary one cropping enterprise. The difference between the 
two operations is the intertemporal resource allocation possible in 
multiple cropping. Unless otherwise stated, the availability of the 
following factors are on a monthly basis. 
a). Land ; Two general types of land may be considered, 
namely; 1) the upland and 2) the lowland or paddy. By and large, the 
above mentioned land classification admits only crops suited to it. 
The upland type is generally located on an elevated area; irrigation 
water may or may not be available. The crops grown on this type of 
land do not require roots or parts of stems to be submerged in water 
during particular stages of their biological growth. The lowland or 
paddy, on the the other hand, is usually located on areas with lower 
elevation and an adequately controlled irrigation system may or may 
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not be available. 
It should be stated that these two types of land are reversible, 
that is, with adequate water supply an upland type may become a paddy 
and with adequate drainage and water control a paddy may may become an 
upland. This may require, however, considerable investment on the part 
of the farm operator. 
b). Labor; Two sources of labor open to the farmer are 
considered in this study, namely: 1) man and 2) animal. Man labor is 
of two types; one is the family farm labor which includes the sum of 
man-days a farm family can directly engage in farm operations, and the 
other is hired labor which the farm operator employs whenever the family 
farm labor is not enough to meet the man labor needed in farm operations. 
The models constructed in this study require that family farm labor be 
exhausted first before hired labor comes in as a resource. The supply 
of hired labor is considered infinitely elastic at the prevailing wage 
rate. 
Animal labor appears in conjunction with man labor used to operate 
the equipment pulled by the animal. Accordingly, as a constraint, 
this factor becomes man-animal labor in the study. 
c). Capital ; The farm operator is generally confronted 
with two types of capital investments, namely; 1) operating capital 
and 2) fixed capital. Operating capital may enter into the model in 
two different ways; the first calls for treating operating capital 
as the aggregate of monetary units used to buy the services of other 
factors of production needed in the operation of the farm, and the 
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second, representing it in terms of the physical units of fertilizer, 
hired labor, etc. that enters into the program as separate constraints. 
This, however, is still determined by the amount of cash money the 
farmer has. 
As a constraint, two basic approaches can be employed on the 
acquisition and allocation of operating capital in multiple cropping. 
First, if the farm operator has a given amount of money or expects to 
have a particular amount during the projected planning horizon, he can 
divide this equally or proportionally among the cropping periods (pre­
determined). The borrowing activity of the model will allow the farmer 
to have access to credit facilities. Accordingly, transfer activities 
will shift the excess resource from one period to another. This ar­
rangement is especially suited to Model I. 
Second, a consensus among development economists is that in less 
developed countries capital is scarce relative to other factors, hence 
it is more realistic to assume that in multiple cropping operation, the 
first cropping period uses more or less the entire operating capital 
budget of the farmer. If the farmer has the above situation, the 
operating capital requirement of the next cropping period should neces­
sarily be generated by the returns of the preceding cropping period. 
Transfers and borrowing activities are used in the same manner as in 
the previous case. The model, however, will now optimize the the system 
by cropping period instead of the entire planning horizon at once. 
Fixed capital investment is not treated explicitly in this study 
since the model being used is short run. It is assumed, however, that 
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the wage rates given to man-animal labor and machine services include, 
among others, the maintenance and depreciation of these factors. 
Accordingly, the yearly fixed cost associated with the use of land and 
irrigation system are accounted for in the computation of the net prices 
of the products. 
The fixed capital of the farm operator, however, may serve as a 
collateral in most cases if the farmer borrows from financing organiza-
t ions. 
d). Irrigation; Although water is an important factor in 
the production of farm crops, quantification of this input is often 
difficult if proper control can not be exercised on the source and 
delivery aspects of the irrigation system. This study, therefore, 
assumes that the farm employs an irrigation system which is controllable 
and this system delivers a known amount of water each day. By and large, 
the above assumption also Implies that fluctuation in the occurrence 
of rainfall will not significantly affect the capacity of the irrigation 
system. 
Relaxation of the above assumption necessarily entails the use of 
stochastic models for optimization. Accordingly, the model requires 
that the probability distribution of rainfall be known* 
3. Net prices; The definition of net prices differ among the 
real activities of the models used in this study. The net prices of 
the crop activities are equal to their respective gross return per 
hectare. Consequently, the net price of the borrowing activity is 
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equal to the prevailing rate of interest. The transfer activities 
are assumed to be costless, and the net prices of the man labor hiring 
activities and the man-animal labor hiring activities are equal to their 
respective wage rates. These definitions of net prices ruled out the 
direct interpretation of the value ou the profit row of the computer 
output as the maximum net return above variable cost. To obtain the 
maximum net returns above variable cost, we have to subtract the cost 
of the operator's labor used by the farm from the value appearing on 
the profit row of the computer output. 
Net prices, as used in this study, are treated as constants and 
known a priori for the entire planning. 
4. Cropping period; The cropping period is defined to include 
the time when land is prepared for planting and up to the time harvesting 
is done. As defined, the cropping period is a function of; 1) the time 
spent on land preparation and planting, 2) the time needed by the crop 
to mature, 3) the time spent in harvesting. The length of the cropping 
period could either be lengthened or shortened depending upon the farmer's 
efficiency of doing 1 and 2„ 
The number of times a farmer can plant crops in one year depends 
on how many cropping periods fit in his planning horizon. This study 
presents two ways of solving this problem, namely; 1) use the cropping 
period of the primary crop as the basis of dividing the planning horizon 
into cropping periods, and 2) let the model determine the optimal 
number of cropping periods. These methods are detailed in the section 
that follows. 
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The Models 
The optimization problem presented by multiple cropping requires 
a multistage program wherein each stage or cropping period is 
optimized such that the resulting sum of returns from all cropping 
periods is a maximum. A problem of this sort is often approached via 
dynamic programming (2). The multiple cropping problem in this study, 
however, is constructed using the static framework, as a consequence 
the system gives rise to a large programming problem. 
Two basic models are presented in this section and are constructed 
in a standard deterministic framework. The variants of these models 
follow in later sections. These models are constructed in accordance 
with the discussion of activities and constraints in the preceding 
section of this chapter. 
Model X. Deterministic with cropping period division determined by 
the cropping period of the primary crop 
The following notations are employed; 
Xjj. = the activity at cropping period t 
where: 
j = 1, o.., B-1 crop activities 
j = B borrowing activity 
j = B+1, D-1 transfer activities 
j = D, D+1, ..., E-1 man labor hiring activities 
j = E, E+1, ...,n man-animal labor hiring 
activities 
t = 1, ..., T cropping periods 
Rijlt = the i^h resource for the production of the activity 
available on the 1^^ month of the t*-^ cropping period. 
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where : 
i  =  1 ,  . m  =  s c a r c e  r e s o u r c e s  
1 = 1, 12 = monLhti 
t ^ 1, T = cropping periods 
Aj. = aijit ° Tinput-output coefficients at cropping period t 
Cij. = net price of the activity at the t^^ cropping period. 
The optimization problem is constructed as: 
(10) mx F(Xj,) . ^ é c'tXc 
subject to 
(11) 
Xkt&K, 
Xj. > 0 . 
Xkt i Kt defines the constraint of the model where in at least a 
given output level of the primary crop must be produced on every cropping 
season. The predetermined cropping period feature of the model indicates 
as the primary crop. Entrance of other crops to the optimal activity 
vector, among other things, depends upon whether these crops have 
cropping periods less or equal to the cropping period of Xj^. 
A hypothetical scheduling of crops using the model is done in 
Figure 1. It should be noted that in this model the optimal combination 
of crops may or may not be planted at the same time. But, it is im­
portant to see that harvesting of secondary crops occur before or at 
the same time the primary crop is harvested. 
This model is particularly relevant to less developed countries 
where the farmers are compelled to produce a certain amount of staple 
crops on every cropping season. Accordingly, the prescription that a 
certain amount of X^ be produced in every cropping period guarantees 
21 
Jan. Feb. bkir. Apr. May J«n„ Jul. Aug. Sept. Oat. Nov. Dec. 
Figure 1. Hypothetical scheduling of crops on multiple cropping 
operation with the cropping period based on the primary 
crop 
that at least one crop appears in every cropping season. This is 
specifically helpful if all cropping periods are to be optimized simul­
taneously. The model, however, presents one disadvantage, that is, 
there exists a possibility that some resources may be idle at times 
when cropping periods of the crops included in the optimal activity 
vector are not equal. 
Model 2. Deterministic with cropping periods determined by Che 
programming model 
The same notations as in Model 1 are employed. The maximization 
problem is formulated as: 
(12) Max F(Xjt) = CjeXjc = A 
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subject to 
(13) 
Xc&O. 
In contrast to Model 1, the cropping periods technological matrices 
of Model 2 may overlap with each other on some instances. This over­
lapping, however, is limited to the time dimension of the model and is 
not true on the land or space constraint. Figure 2 graphically illus­
trates the hypothetical occurrence of the said overlapping. 
Jfan. Feb. Mar. Apr. May Jqn. Jyl. Apg. Sept. Oct. Npv. Dec. 
Figure 2. A hypothetical scheduling of crops on multiple cropping 
operation with no predetermined cropping period division 
Model 2 achieves two important goals, namely: 1) idling of 
resources especially land could be reduced to a minimum and 2) any 
crop among the alternative open to the farmer can enter into the 
optimal activity vector with profit maximization as the primary criterion. 
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These goals are attained simultaneously by prescribing no a priori 
cropping periods to follow. The model operates essentially by selecting 
the optimal activity vector on the first cropping period and proceeds 
to replace the crop or crops that mature early by another set of crops 
optimal to the model. 
It should be noticed that Model 2 may optimize by cropping periods 
and the operating capital needed on the next cropping periods could 
either be generated entirely by the preceding cropping period or sup­
plied by the borrowing activity of the model. 
Model 2, however, is likely to present some scale problems on 
multiple cropping operations of small size farms. To illustrate this 
problem, suppose one of the crops included in the optimal activity 
vector matures early and this crop occupies an area of 0.25 hectare of 
land. Assume that the farmer has three alternative crops available, 
then the farmer is faced with the possibility that this 0.25 hectare 
of land would still be sub-divided further if it contributes to a 
higher maximum value of returns prescribed by the objective function. 
Theoretically , this process is valid. In actual situation, however, 
the resulting overdiversification may pose some problems in marketing, 
storage and efficiency of resource transfer. To avert overdiversifica­
tion, additional constraint such as, a crop may occupy first a given 
minimum area before it can be included in the optimal activity vector 
may be introduced into the model.^ 
^To be exact the land constraint in Eq. 13 will now be two for 
each type, i.e. a maxium land constraint equal to the cropland area 
and a minimum land constraint equal to the arbitrary area set as the 
minimum a crop may occupy. 
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Variants of the Two Basic Models 
Two variants of the models discussed in the preceding section 
are presented in this study, namely: 1) inclusion of an intercropping 
scheme within the multiple cropping framework, and 2) conversion of 
the models into their stochastic forms. 
Model 3A. Deterministic multiple cropping model with intercropping 
scheme 
Intercropping is a process wherein two crops are planted on the 
same piece of land at the same time. Assuming any two crops inter­
cropped are compatible, it is convenient to consider them as one 
activity in the programming problem. The following notations are used; 
= (X^c + Xht)j^^ = the jth activity at the t^h cropping 
period 
where : 
j = 1, ..., B-1 intercropping activities 
j = B borrowing activities 
j = B+1, ..., D-1 transfer activities 
j = D,D+1, E-1 man labor hiring activities 
j = E,E+1, ...,n man-animal labor hiring 
activities 
t = 1, ..., T cropping periods 
= the i*-^ resource for the activity available on 
the 1^^ month at the t^^ cropping period. 
where: 
X 1, ..., m 
1 =  1 ,  12  
t  =  1 ,  . T  
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A* = ~ input-output coefficients of the intercrop 
at the t*"^ cropping period. 
c*j. = the weighted net price of the jactivity at the 
t^h cropping period. 
The problem can now be constructed as: 
f n T 
* ' * 
(14) Ma» FCK?;) - j| A CjtXjt " ^  
subject to 
At%t ^  ^t 
* * , * 
Explicit in the notations of this multiple cropping scheme is 
the added dimension on the activities of the program. To illustrate 
this point, suppose a farmer has 6 crops of which any two can be inter­
cropped. Then the total possible intercropping combinations open to 
the farmer is 6.'/(4.'21) = 15. These added activities may not be available 
entirely to the farm operator, however, since it is obvious that the 
technological coefficients of all possible intercropping combinations 
would be difficult to obtain under ordinary conditions.^ 
The technical coefficients of the intercrop can be found by 
designating one crop as the numeraire in each intercrop and all necessary 
computations are made on this basis. 
^Notice that the program is not the limiting factor in this case, 
but the lack of prior knowledge on the production data of the inter­
crops. Hence, in order for the intercropping scheme of multiple cropping 
operation to realize its economic potential some agronomic experimenta­
tion are necessary to; 1) determine the input-output coefficients of 
the possible intercrops under different cultural practices, and 2) 
the timing of intercropping. 
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Model 3B. Bradfield's çootinuous. intercropping; mode] 
An interesting model wherein land can be employed throughout the 
year was developed by Bradfield at the International Rice Research 
Institute (IRRI) (5). The format used in the farm operation is an 
intercropping scheme where matured crops are replaced immediately after 
harvest.! To achieve this, Bradfield employed a unique method of land 
use. The field, after a thorough land preparation, is stripped with 
furrows and ridges. Consequently, a set of alternative crops may be 
assigned for planting on the ridges and another set for the furrows. 
This study considered the ridges and the furrows as two different 
land constraints in setting the Bradfield continuous intercropping 
model into its equivalent linear programming form. The following 
notations are used: 
Xjj. = the jcrop planted on the furrows at the t^h 
cropping period. 
j = 1,...,f ; t = 1,...,T. 
Xjj. = the jcrop planted on ridges at the t*^^ cropping 
period. 
j = f+1,...,r ; t=l,...,T 
Xjj. = the jnoncrop activity at the t*-^ cropping period. 
j = r+1 borrowing activity 
j = r+2,...,D-l transfer activities 
j = D,D+1,.„.,E-1 man labor hiring activities 
j = E,E+l,...,n man-animal labor hiring activities 
^In some cases crops may be replaced if they can be harvested 
before reaching maturity, e.g. green corn, beans, etc. Bradfield 
also advocated ratooning whenever possible on crops. 
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t = 1,,.., T cropping periods. 
= the i*-^ resource use in the activity on the l*-h 
cropping period. 
i = 1,.. ., m 
j ~ II 
1= 1 , . . . ,  12 
t = 1, . ,., T 
Alt ~ crop activités technological coefficient matrix for 
cropping period t. 
A2t = noncrop technological coefficient matrix for cropping 
period t. 
Cj^ = net price for the jactivity at the t*-^ cropping 
period. 
The optimization problem is formulated as : 
T n 
(16) Max ^ + Xjc + X°,) 
subject to 
(17) Ait(Xt + Xt) + AgcXg $ Rt 
Xt ^ 0 
Xt )» 0 
xg ^ 0. 
It is clear the rows in Aj^j- corresponding to the two land con-
straints will have zero elements on if ridge land is considered, 
but will have nonzero elements with furrow land, the converse is true 
with Xjj.. Consequently, for resources, where there exists competition 
f between Xjt and Xj^, the elements of A^^. may take values other than zero. 
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Model 4. Stochastic variation of multiple cropping optimization models 
The rationale for this type of model is drawn from the fact that 
in actual farm conditions, the technological coefficients, the resources 
available and the product prices have random properties. Hence, the 
optimum value of the objective function becomes a random variable. As 
mentioned earlier, the decision-making process involved in this type of 
problem could be based upon the probability distribution of the objective 
function if such distribution could be exactly defined. This study, 
however, will not attempt to derive the distribution of the objective 
function. It will only limit the optimum values of the objective 
function to some range with a given probability of occurrence. 
Using the discussion of this chapter as the benchmark, this study 
considers a condition wherein the standard error of estimates are 
available and are used to calculate the 100 (l-CX) percent confidence 
intervals of the technological coefficients, resource availabilities and 
the net prices about their arithmetic mean. Let the superscripts + and 
- denote the upper and lower limits respectively of the confidence 
intervals, then the following relationships hold: 
cjt 
*ijlt < ®ij It ^ijit 
*ijlc 3 *ijlt (  «îjit 
With the use of the previous notations the model can be formulated 
as follows: 
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Tn T n Tn 
(18) Max F(Xjt)"|[cj"tXjt^Max F(Xjc) ^ ^ax HX.^)+ 
c=ij=i t=rr j=i t-ij=i 
subject to 
(19) Rg 
Xt ^  0 Xt^ 0 Xt ^  0 . 
The derivation of these relationships can be seen in Vajda (33, p. 206-
216) .  
Model 4 will not provide a specific optimal value for the objective 
function. Its primary function is to give the upper and lower limits 
of the optimal objective function given variations in the technological 
coefficients, resource availabilities and net prices on certain ranges. 
Summary 
Two basic models of multiple cropping were developed in this chapter. 
The first model (Model 1) optimizes a multiple cropping system where 
cropping periods are set in advance by a primary crop given the farm 
operator's planning horizon. The second model (Model 2) prescribes no 
S. priori cropping period division and the program is left to determine, 
among other things, the sequence of crops and the number of cropping 
periods on a given planning horizon. Variations of these two models 
were also presented, namely: 1) multiple cropping with intercropping 
schemes and 2) stochastic form of Model 2. 
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A Note on Multiple Cropping versus Crop Rotation 
The similarity between multiple cropping and crop rotation is 
fundamental; both are concerned with the decision-making process that 
go into the selection of crops to be planted on a given piece of land 
over a particular planning horizon. Their basic difference, however, 
lies on the method of crop sequencing. 
Crop rotation is generally defined as " a specification of a sequence 
of crops to be grown in successive years on a selected parcel of land" 
(20, p. 177-188). To fit this to the format used in multiple cropping, 
the cropping period should be substituted for years on the above defini­
tion of crop rotation. Thus, in crop rotation, there are a priori 
crop sequences which form as the basis of the optimization process. 
The formation of these crop sequences can be easily derived by per­
mutation with consideration of the ordering of the crops, that is, the 
rotation scheme of rice - corn - soybeans (RGS) is the same as CSR if 
the long run effects are considered. The process, in order to exhaust 
all possible rotation schemes necessarily entertains a problem of dimen­
sion. To illustrate the point, suppose a farmer has ten crops from 
which a rotation of three crops can be drawn, then the sum of possible 
rotation schemes open to the farmer is given by = n.'/(n-r)J = 
10Î/7Î = 720. The farm operator obviously can limit his selection of 
rotation schemes to a small subset of the total. 
Multiple cropping, on the other hand, is defined as the practice 
of planting a crop or crops a number of times in one year on a given 
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piece of land. There is no cropping sequence set a priori, instead crops 
are admitted into the system by cropping period and only if they optimize 
the returns in that cropping period. Hence, the sequence of crops used 
in multiple cropping will be evident only after the optimization process 
is done. The dimension of the problem presented by multiple cropping 
is also considerably smaller than crop rotation with the same number of 
alternative crops. To see this, consider also a ten alternative crops 
for the multiple cropping operation and assume that three cropping 
periods are possible in one year. Now, assuming further that the 
cropping periods for these crops are equal, the farm operator can only 
have thirty crop activities appearing on his activity vector for the 
whole year. It could be seen too that even if the cropping periods 
for each crop considered are not equal the dimension of the problem 
will be still smaller. 
There is one aspect of crop rotation, however, which is absent in 
multiple cropping. In crop rotation the sequence of the crops planted 
on a given piece of land can be arranged such that the pattern conforms 
to some standard practices of soil conservation. Hence, a crop rotation 
scheme may be employed to conserve and improve soil fertility in addition 
to fulfilling the objective function of the farm operator. In contrast, 
the unmodified multiple cropping model does admit only the activity 
based on the optimization of the objective function. Indeed, it is 
possible for the program to direct planting of the same crop three times 
a year if that crop satisfies the criterion imposed upon it by the 
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objective function. This multiple cropping deficiency, however, can be 
easily corrected. Crop or crops which in effect improve or conserve 
soil fertility can be easily forced into the model making it a part of 
the optimal activity vector on any cropping period desired. 
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CHAPTER III. ASPECTS OF MULTIPLE CROPPING 
IN THE PHILIPPINES 
To provide a background for the empirical part of this study, this 
chapter discusses; 1) some cropping patterns and cultural practices of 
farms in the Philippines, 2) how these farms utilize their resources 
and 3) the returns attributed to these resources. 
Most of the materials used in the discussion are based on published 
farm management studies of the Department of Agricultural Economics, 
College of Agriculture, University of the Philippines, College, Laguna, 
Philippines. Some of these studies were conducted in the I960's and 
the relevance of these materials to the present hinges on the standard 
doctrine of developmental economics, i.e. the technology of less 
developed countries is generally static. It should be stated, however, 
that an advanced form of technology in form of new varieties, correct 
use of fertilizers, pest and disease control, etc. are being introduced 
in the Philippines. 
The discussion in this chapter focuses only on field crops. 
Cropping Patterns and Cultural Practices in Some 
Farms in the Philippines (4, 11, 12) 
Planting two times in one year is common in the Philippines. This 
is aided favorably by a tropical climate which provides sunshine for the 
most part of the year and seasonal and nonseasonal rains that adds 
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moisture to the soil.^ 
Generally, the cropping patterns of field crops in the Philippines 
are adapted to the two major seasons of the country, i.e. the wet 
season and the dry season. In the absence of a reliable irrigation 
system which can give controlled flow of water throughout the year, 
lowland farms or paddies are planted with rice during the wet season 
and corn or other secondary crops during the dry season. For upland 
farms, one of the alternatives open to the farmer is to plant one 
crop during the early part of the wet season and if the crop matures 
before the wet season ends, another crop is planted immediately before 
the soil becomes dry. Usually, the first crop on upland areas is rice 
(an upland variety) followed by sweet potatoes, cassava or other 
secondary crops. 
The two-cropping pattern followed by most farmers do not employ 
all available cropland for production. Generally, the first crop planted 
during the wet season occupies an area larger than the crop planted 
2 during the dry season. The reasons for this are simple. The farmers 
lack adequate irrigation water throughout the year; thus they look at 
the coming of the dry season as an uncertainty factor in terms of its 
severity. Hence, the farmer knowing that the productivity of his dry 
season crop is directly related to moisture availability tends to limit 
^There are four variations of seasons in the Philippines according 
to regions, namely: 1) distinct wet and dry season, 2) distinct wet and 
nondistinct dry season, 3) distinct dry season and nondistinct wet season 
and 4) nondistinct wet and dry season. 
^The choice of crop planted during the wet season is traditionally 
limited to rice or paddy land. 
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his cropping area where his losses will be minimal. Secondly, in the 
Philippines rice is considered as the primary crop (in some regions corn 
may be considered primary), the small operating capital reserve of the 
farmer therefore is primarily saved for rice production. Finally, the 
market for most secondary crops is not as developed as those of rice 
and corn. 
An illustration of cropping patterns observed in five provinces 
of Central Luzon, Philippines is shown in Figure 3. The cropping 
patterns reveal some interesting aspects of resource variation, partic-
cularly on the availability of water in these provinces. For example, 
the presence of a rice - rice^ cropping pattern suggests that irrigation 
water is available for the farm throughout the year. Other crops require 
less moisture relative to lowland rice. 
The cultural practices imployed by the farmers consist usually of 
two to three plowings and harrowings before planting. Paddy land pre­
paration, however, may vary considerably from above depending on field 
condition. For example, if the land is not so weedy and an ample supply 
of water is available, one plowing followed by three to four harrowings 
done at some time interval may be enough to puddle the field ready for 
planting. Time period alloted between plowings vary according to the 
volume of weeds present. The normal procedure is to let the weeds 
decompose partially and the soil settle down before the next plowing 
starts. 
-
In (4) the term Palay is used instead of rice. Palay denotes 
rough rice or rice plant in the Philippines. 
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Figure 3. Patterns of land utilization in seven provinces of Luzon, Philippines, 1962-63 
(4, p. 216) 
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Planting methods vary according to the crop grown. In the case of 
rice, seeds are sowed first thickly on a seedbed and transplanted on the 
puddled field 15 to 20 days later.^ Hence, for growing rice, field 
preparation is usually synchronized with the age of the seedlings. 
Another method is to broadcast the seeds directly on the prepared paddy, 
this method makes it possible for the farmer to save time and labor 
which are normally expended on seed preparation and transplanting. 
Most farmers, however, tend to practice the former method since planting 
rice on straight lines and equal distances between hills facilitates the 
control of weeds. 
Other crops such as corn, cowpeas, soybeans, etc. are planted in 
furrows. Mungo beans, however, may be planted differently if used as 
the crop to follow rice. Here, Mungo seeds are broadcasted on the 
paddy after the rice is harvested followed by one passing of the harrow. 
Fertilizer application and the use of pesticides and weedicides 
are generally related to whether the farmer can afford it. Cultivation 
on the other hand, consists usually of off-barring and hilling-up 
except on the paddy where some type of handpushed cultivator is some­
times used to control the weeds. 
Resource Utilization in Some Farms in the Philippines 
This section discusses the utilization of resources of what could 
be considered as typical Philippine farms. Unless otherwise stated, 
^In a method called "Depog"> the seedling may be transplanted 11 
days after sowing. Seedlings, however, should not exceed one month 
old before transplanting. 
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•the arguments and the data used are related to the cropping patterns 
discussed in this chapter. Primary attention is focused on four 
factors, namely: 1) land, 2) labor, 3) water resource and 4) capital. 
Of these four factors, land and labor resources offer us a glimpse on 
how these factors are utilized by comparing the potential resource 
available with the amount used on a particular cropping pattern. How­
ever, the preceding criterion is unwieldy for the water resource and 
the capital factor on the farms investigated for the following reasons: 
1) the potential amount available for these two factors are difficult 
to obtain and 2) no standard amount of the factors required have been 
set at present for all crops under actual field conditions. 
We discuss these four factors separately: 
1. Land; The land resource utilization is based on a general 
criterion that a given cropland could be planted at least twice in a 
given year. The degree of land use intensity corresponds directly with 
the number of cropping periods the land is subjected to in a given 
year and is usually measured by the multiple cropping index. Multiple 
cropping index is equal to the effective crop area divided by the crop­
land area. The effective crop area is found by adding the area planted 
to crops on the first cropping period with the area planted to crops on 
the second period, etc.. Hence, if a farmer has a two hectare crop­
land and he is able to plant three times in one year using two hectares 
each time, his effective crop area is six hectares and his multiple 
cropping index is 3.0. Accordingly, a farmer with a multiple cropping 
index greater than 1.0 implies that the farmer is making use of all his 
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cropland more than once in a year. 
Table 1 presents various cropping patterns and land use intensity 
in some provinces of Central Luzon, Philippines. A primary conclusion 
Table 1. Average cropland and land use intensity by cropping pattern. 
Central Luzon, Philippines 1962-63® 
Cropping 
pattern 
Available 
cropland 
First 
cropping 
Second 
cropping 
Effective 
crop area 
Rice - Rice 2.48 2.48 2.14 4.62 
Rice - Corn 2.71 2.71 1.66 4.37 
Rice - Mungo 2.57 2.57 1.45 4.02 
Rice - Onion 2.97 2.97 0.35 3.32 
Rice - Sitao 2.44 2.44 0.47 2.91 
Rice - Watermelon 2.39 2.39 1.00 3.39 
Rice - Gabi 3.09 3.09 1.99 5.08 
Rice - Cabbage 2.76 2.76 0.56 3.32 
Rice - Tomatoes 2.74 2.74 0.79 3.53 
Rice - Peanut 1.26 1.26 1.07 2.33 
Rice - V. Tobacco 2.02 2.02 1.15 3.17 
Rice - N. Tobacco 2.15 2,15 0.62 2.77 
All cropping pattern 2.49 2.49 1.20 3.69 
^Source: (4, pp. 203-232). 
from these figures is: the area occupied by the second crop is generally 
smaller than for the first crop. The reasons for this were mentioned 
in this chapter. On the average, the farms appearing in Table 1, had 
a multiple cropping index of 1.48, an indication that if a standard two 
cropping scheme of operation is assumed about 52 percent of the cropland 
on the second cropping period is idle. 
2. Labor ; The discussion on labor resource utilization is based 
on the comparison of the average potential labor available to the farmer 
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with the corresponding average expended on a particular cropping system.^ 
To place the values under a common denominator, the comparison is done 
on per hectare basis» The potential labor available to the farm includes 
the amount of labor due to the farm operator and the rest of his family. 
The expended labor for every cropping system covers all sources, i.e. 
the farm operator and his family, hired labor, and exchange labor.^ 
Table 2 presents the average labor expended per hectare by cropping 
Table 2. Average potential labor and labor requirements per hectare by 
cropping pattern, Central Luzon, Philippines, 1962-63® 
Cropping Hectares Potential Required % Unused 
pattern cropland labor labor potential 
(man days) (man days) labor 
Rice - Rice 2.48 389.19 120.78 68.97 
Rice - Corn 2.71 321.03 69.61 78.32 
Rice - Mungo 2.57 403.50 62.79 84.44 
Rice - Onion 2.97 328,41 100.82 69.31 
Rice - Sitao 2.44 357.87 131.56 63.34 
Rice - Watermelon 2.39 415.00 107.43 74.12 
Rice - Gabi 3.09 335.57 114.45 65.90 
Rice - Cabbage 2.76 393.01 98.50 74.94 
Rice - Tomatoes 2.74 334.72 87.64 73.82 
Rice - Peanuts 1.26 759.30 119.34 84.29 
Rice - V. tdbacco 2.02 363,37 139.73 61.55 
Rice - N. tobacco 2,15 370.34 98.12 73.51 
All cropping pattern 2,46 397.60 104.23 73.79 
^Source: (4, pp. 203-232). 
^The method of comparison employed here is arbitrary. Instead of 
the amount of labor expended on a particular cropping pattern, it should 
have been the required labor needed for a particular cropping pattern. 
Unfortunately, a standard amount of labor required to produce a certain 
crop has not yet been set. The arbitrariness of the comparison, however, 
does not significantly alter the analysis presented. 
^Exchange labor refers to a common practice of farmers in the 
Philippines where farmer A works on farmer B's farm for a number of 
days with the understanding that farmer B will render the same number 
of work days to farmer A's farm. 
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system and the corresponding average potential labor per hectare 
available to the farm operator. Two relevant conclusions can be dis­
cerned immediately from these figures. First, it is apparent that in 
spite of the labor intensiveness of some cropping patterns, the potential 
labor available to the farmer is not exhausted. Two, using the amount 
of labor expended to a cropping pattern as a benchmark, the potential 
labor per hectare, that a farmer has is sufficient to sustain a three-
cropping scheme of operation in one year on the average. 
To effect a higher degree of potential labor resource utilization, 
however, it is apparent that the farmer should reorganize the format 
of his farm operation. This reorganization should be specifically 
oriented towards operations which will conform to the flow aspect of 
labor resource. To illustrate, some farm operations related to the 
production of a particular crop create bottlenecks in terms of labor use, 
for example, planting and harvesting require the shortest possible time 
to finish. And while, the potential labor available to the farm 
operator for one year is high there is an upper limit on family farm 
labor that can be employed in any given time.^ The farmer then is 
faced with some wide fluctuations in labor requirements relative to a 
^Indirectly, the problem presented by the flow aspect labor 
resource may be solved by converting the excess labor to capital 
(in terms of money) and later on converting capital to labor, i.e. 
use the money to hire labor when needed. This is contingent, however, 
on whether off-farm work is available. Another is through the process 
of exchange labor (see footnote on page 39). 
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constant labor resource flow.^ 
A format of farm operation which may bring efficiency in terms of 
potential labor utilization suggest the staggering of farm activities 
during the entire planning horizon. This implies that the farmer shall 
divide his farm into parcels and each parcel will have a different 
planting time. The rationale of this approach is to dampen the wide 
fluctuations of labor requirements by organizing the farm operations 
in such a way that the maximum amount of labor required in any given 
time does not vary much from the potential labor resource flow. The 
same logic applies to the minimum labor requirement to avoid under­
employment of labor resource. Take note that this method does not 
necessarily entail more capital investment from the farmer. 
Alternatively, farming, like other forms of production, 
ties the use of labor with the presence of other inputs. Hence, the 
availability of capital to employ labor intensive technologies may 
lead to a higher degree of utilization of the farmer's potential labor 
resource. It should be stated, however, that in this case, the farmer 
may be forced to hire additional labor to achieve a higher productivity 
^This problem can be illustrated using a cropping period through 
the following hypothetical graph. 
average potential 
labor resource 
where: 1 = land preparation 
3 = harvesting and 
threshing 
2 = fertilizing and 
weeding 
and planting 
one cropping period 
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for his capital investments.^ 
3. Water resources; The water resource appears as one of the 
critical factors that must be contained to insure a successful multiple 
cropping operations. The source and the control aspects of water re-
2 
source are particularly important. 
Two sources of v7«ter where generally the farmer can exercise a 
certain degree of control are: 1) surface water, which may take the 
form of rivers and lakes, and 2) underground water, which are primarily 
subsurface acquifiers. Two methods of drawing water from the said 
O 
sources are; i) by gravity and 2) by pump. The use of gravity to 
divert water from the source to the farm usually entails large invest­
ments and the system may serve a number of farms simultaneously depending 
on its size. The use of a pump, however, may be undertaken by one 
farmer and may serve only one farm. Control of water flow to the farm 
is generally less difficult in pump irrigation systems. 
A factor which deserves attention on any type of irrigation system, 
on the other hand, is the seasonal variation of water supply and 
availability. A study on shallow well irrigation systems in Nueva 
Ecija, Philippines, for example, observed under utilization of pump 
^A study of lowland rice farms (26), for example, revealed that 
a shift to the new rice varieties was accompanied by an increase in 
labor expended relative to the traditional rice varieties (See also 
IRRI Annual Report 1970, pp. 173-198). 
2 
The term pump as used includes the prime mover and the pump. 
3 Detailed disucssion of this could be seen in Heady (16). 
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capacity during the wet season and scarcity of water during the dry 
season^ (29). This fluctuation in water supply and availability can be 
discerned from the guidelines issued by the Irrigation Service Unit 
of the Philippines, i.e.,, only 30 percent of the rated wet season 
pump capacity is applicable to the dry season cropping (29). 
Water requirements of crops throughout their growing period may 
serve as a benchmark for deciding the size of irrigation unit, hence the 
2 
magnitude of investment involved. Experiments along this line were 
conducted by the International Rice Research Institute (IRRI) using 
rice as the subject (22, p. 192). Two of the important results are: 
1) the yield response to water treatment does differ by variety,and 
2) the yield response follows a sigmoid type curve defined by the 
logistic function Y = K/(1 + be *^). Granting, the losses due to per­
colation, seepage and evaporation under field condition can be estimated, 
the steepest curve of the logistic function which defines the yield 
response of the crop to water treatment is particularly important in 
selecting the right water pump. 
4. Capital resource ; Generally, there are three sources of 
operating capitals for the Philippine farmers, namely: 1) personal 
^Generally, the water table is deep during the dry season and 
for shallow wells this reduces the quantity of water available. More­
over, physical laws limit the capacity of water pumps when the water 
table becomes very deep. 
O 
A sophisticated alternative to this can be found in 0. R. 
Burt and M. S. Stauber (6, p. 33-45), where a dynamic programming 
model is employed to find out the optimal investment on irrigation 
system. 
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savings of the farmer, 2) private lenders or private banks and 
3) government supported financing agencies. Ideally, operating capital 
derived from the personal savings of the farmer or from the profit of 
his farm is the best source. However, a typical traditional farm usually 
is incapable of generating enough surplus to sustain the required 
operating capital needed to finance farm operations (14, p. 460-478). 
Sources 2 and 3 are presently active in providing operating capital to 
the farmers. The operations of these sources, however, are far from 
being perfect. Among their shortcomings are: 1) interest rates are 
high especially with unlicensed private lenders, 2) the farmer may not 
have the collateral required by most lending institutions and 3) the 
timing of the loan release does not necessarily coincide with the 
farmer's need. Nevertheless, inadequacies of these financing agencies 
are being corrected (7, 25). 
Farm expenses in a typical Philippine farm are usually grouped 
into two, namely; 1) cash expense and 2) noncash expense. Case expenses 
include wages of hired labor, cost of fertilizer, seeds, weedicides, 
etc.; and noncash expenses include harvesters and threshers* share and 
payment s in kind to hired labor (4, p. 221-222). 
Factor Returns Under Some Cropping Patterns in the Philippines 
Table 3 presents the returns on per unit of land, labor and capital 
under some cropping patterns observed in Central Luzon, Philippines. 
Assuming that the variance of the endowments of these farms is not very 
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Table 3. Net returns per hectare and returns per unit of land, labor 
and capital by cropping pattern. Central Luzon, Phillipines, 
1962-63® 
Cropping Net Land Labor Capital 
pattern per hectare (per hectare) (per day) (per peso) 
Rice - Rice 432.53 421.02 6.08 0.94 
Rice - Corn 463.55 281,89 9.37 0,21 
Rice - Mungo 384.84 231.82 10.63 0.62 
Rice - Cabbage 755.46 385.19 7.30 0.54 
Rice - Onion 609.55 299.06 4.60 0.23 
Rice - Gabi 692.45 559.98 9.47 1.01 
Rice — Tomato 501.70 256.88 7.00 0,50 
Rice - Watermelon 336.04 190.96 3.69 0.31 
Rice - Peanut 313.56 207.61 3.86 0.17 
Rice - Sitao 384.27 256.33 1.68 0,14 
Rice - V. Tobacco 628,22 .288.17 6.26 0.28 
Rice - N. Tobacco 662,76 321.72 7.56 0.55 
All cropping pattern 513.74 308.38 6.45 0.45 
^Source: (4, pp. 203-232). 
large, hence^ on the average any of the cropping patterns is open for 
all farmers, the following comparative analysis may be advanced.^ 
Of the twelve cropping patterns observed, the highest return per 
hectare of land was attained by the Rice - Gabi combination. This 
was followed by Rice - Rice, Rice - Cabbage and Rice - Native Tobacco. 
On the other hand, the highest return per unit of labor input was 
exhibited by Rice - Mungo combination followed by, Rice - Gabi and 
Rice - Corn. 
^Admittedly, this is a very weak assumption, since the adaption 
of a particular cropping pattern is found out to be influenced greatly 
by the availability of water and operating capital (4). 
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Only one cropping pattern (Rice - Gabi) was observed to be able 
to generate gains in per unit capital investment, with the return of 
Pi.01 for every Pi.00 invested. The lowest return in per unit capital 
investment was exhibited by the Rice - Sitao combination. 
Summary 
This chapter has discussed the cropping patterns and resource 
utilization of some farms in Central Luzon, Philippines. It was 
pointed out that although, on the average, the potential labor per 
hectare was enough to support a three-cropping operation, the farmers 
were observed to hire and use exchange labor to complete their farm 
work. Hypothetically, this may be the result of the wide variations of 
labor requirements for some phases of farm operation as opposed to the 
constant flow of potential labor resource at any given time. To 
achieve a higher degree of potential labor resource utilization, two 
alternatives were advanced; 1) Divide the farm, into parcels with each 
parcel having a different schedule of land preparation, planting, etc., 
and 2) provide additional capital so the farmer can employ labor 
intensive technologies. 
The two-cropping operation observed generally follows the two 
major seasons of the country, i.e., the wet season and the dry 
season. The area occupied by the dry season crops were observed to 
be considerably smaller than the area planted to wet season crops. One 
of the various reasons cited for the underutilization of croplands 
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during the dry season was the inavailability of controllable water 
resource to support the farm operation all-year round. 
Studies on the response of rice yields to water input may form as 
a basis for the selection of an appropriate irrigation system. This, 
however, should be related to the guidelines set by a national agency 
of the Philippines that only 30 percent of the wet season capacity of 
an irrigation pump is applicable to dry season planting. Invariably, 
this implies that the farmer will experience extreme underutilization 
of pump capacity during the wet season if his cropland is not to be 
made idle. 
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CHAPTER IV, THE DATA 
The data used in this study came from various sources. Hence, 
the technological coefficients derived from these data do not refer to 
a particular farm. The crops covered by the data are; 1) corn, 2) soy­
bean, 3) sweet potato, 4) onion and 5) four varieties of rice. The 
data on rice and corn came from farm management studies, while the 
data on soybean, sweet potato and onion crops were cost and return 
estimates. 
The nature of the data on soybean, sweet potato and onion crops 
enables this study to clearly designate the input requirements of each 
farm operation. This, however, could not be done in rice and corn data 
where input requirements of a particular farm operation were not spelled 
out. To solve this problem, this study resorted to the use of estimates 
on input requirements of a specific farm operation. When such estimates 
are not available personal knowledge and judgment were used. Throughout 
this chapter, operating capital as used does not include wages to hired 
labor. The different crops covered by the study are discussed separately. 
Rice 
The data on rice came from the farm management studies of the 
Department of Agricultural Economics, College of Agriculture, University 
of the Philippines, College, Laguna, Philippines. Collection of the 
data was done using a simple random sample of rice farms in the 
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province of Laguna, Philippines. The survey was conducted during 
crop year 1967-68. 
Only four varieties of rice included in the sample were used in 
this study. The bases used for selecting the four varieties are: 1) 
the number of farms using a particular variety and 2) the average 
return of the farm using the variety. This was done because a sub-
sample of size n' = 12 for each of the included variety were used 
for the computation of the technological coefficients, and only those 
varieties which gave the highest return are included. 
The four varieties selected are; 1) IR-8, 2) Intan, 3) Wagwag 
and 4) Glutinous rice. Data on IR-8 and Intan are available for both 
wet and dry season croppings, while Wagwag is available only for dry 
season cropping and Glutinous rice for wet season cropping. All four 
rice varieties came from farms which are irrigated during both seasons. 
The original sample gave the following sample sizes for each of 
the four varieties: 1) IR-8 (dry season), n = 64; 2) IR-8 (wet season), 
n = 86; 3) Intan (dry season), n = 37; 4) Intan (wet season), n = 13; 
5) Wagwag (dry season), n = 11; and 6) Glutinous rice (wet season), 
n = 19. Complete enumeration was done for the Wagwag rice variety. 
Table 4 presents the technological coefficients of the four rice 
varieties. The values for each input in Table 4 are aggregates of one 
cropping period. Transformation of the aggregate values into their 
Disaggregated form was done in thé linear programming matrix. The method 
of disaggregation employed is essentially using the average estimates 
Table 4. Input-output coefficients of four rice varieties on per hectare basis, Laguna, 
Philippines, crop year 1967-68 
Items Wet Season Dry Season 
IR-8 Intan Glutinous IR-8 Intan Wagwag 
Cropping periods (months)^ 5 6 5 5 6 6 
Yield (cavans)^ 91.81 40.78 57.10 78. 88 94.98 45.68 
Gross return (F) 1323.30 823.37 1355.26 1204. 75 1573.75 930.19 
Net return above 
variable cost^ (f=) 316.17 45.39 474.61 200. 86 684.28 46.96 
Total man labor days^ 110.83 85.52 98.83 104. 29 103.18 87.89 
Total man-animal labor 
days^ 12.89 13.96 14.37 15. ,86 9.31 15.66 
Operating capital (T=) 161.22 79.88 115.79 148, .07 144.43 192.99 
^Includes time spent in land preparation and harvesting. 
^One (1) cavan rough rice = 44 kilograms. 
^Animal operated farms only. 
*^One (1) man labor day = 8 man labor hours. 
®One (1) man-animal labor day = 5 man-animal hours. 
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of the length of time a particular farm operation can be finished 
(1, 11). For example, given the total man labor days per hectare used 
for one cropping season, the study disaggregated this into 2 man labor 
days used for seed bed preparation, 30 man labor days for transplanting, 
35 man labor days for harvesting and threshing and the rest are dis­
tributed among fertilizing, weeding and spraying. Monthly scheduling 
of when a particular input is expended was done approximating the 
actual farm operations. 
Sample farms using the four varieties included in this study 
employed both small tractors and water buffalos as the source of power 
for land preparation. To provide homogeneity on the source of power 
a conversion factor^ was employed to transform man-tractor labor days 
to man-animal labor days. The average number of man-animal labor for 
each variety were taken to be the technical coefficient of land 
9 
preparation . 
The operating capital item in Table 4 includes the amount spent 
on seeds, fertilizers, weedicides, insecticides and miscellaneous 
^On the average it takes about 13 man-tractor labor days to 
prepare a hectare of paddy land and 21 man-animal labor days to do 
the same (1). Hence, to convert man-tractor labor days to man-
animal labor days, we multiply man-tractor labor days by 1.6153. 
2 The number of man-animal labor days appearing for each variety 
are different. This, however, reflects varying field conditions on 
the farms surveyed. Consequently, all varieties included in this 
study exhibited low man-animal labor requirement compared to the 
21 man-animal labor days found in (1). 
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expenses. Transforming the above inputs into their money equivalent 
enables the capital borrowing activity of the model to operate* The 
same as in the labor resource, operating.capital is expended monthly 
approximating the actual farm operations. 
Corn 
The source of data on corn is again the farm management studies of 
the Department of Agricultural Economics, College of Agriculture, 
University of the Philippines, College, Laguna, Philippines. The 
data were received already computed on per hectare basis and information 
on the sampling method used for gathering the data was not available. 
The technological coefficients of corn are presented in Table 5 
together with soybean, sweet potato and onion crops. The total man 
labor days for corn covers planting, fertilizing and harvesting. Total 
man-animal labor days, on the other hand, includes land preparation 
and cultivation. Operating capital expenses are for seeds and fertilizer. 
Soybean 
The data on soybean came from the Legume Committee of the College 
of Agriculture, University of the Philippines, College, Laguna, 
Philippines. Complete information on how the coefficients were derived 
was not given. 
Table 5 presents the technological coefficients of soybean. In 
its original form, the soybean data denoted all farm operations with 
Table 5. Input-output coefficients of corn, soybean, sweet potato, and onion crops on per 
hectare basis, Philippines. 
Item Corn Soybean Sweet Potato Onion 
Cropping period (months)® 
Yield 
Gross return (P) 
Net return above 
variable cost^ (?=) 
Total man labor days^ 
Total man-animal 
labor days^ 
Operating capital (f) 
41.78 cavans^ 
514.73 
293.09 
8.53 
17.00 
49.50 
2 tons^ 
1,500.00 
704.00 
19.00 
19.00 
416.00 
5 
10 tons. 
2,000.00 
1,357.00 
220.00 
23.00 
800.00 
5 
8 tons 
6,800.00 
1,004.00 
476.00 
21.00 
2,646.00 
^Includes time spent in land preparation and harvesting. 
^One (1) cavan of shelled corn = 56 kilograms. 
^In metric tons. 
^Animal operated farms only. 
®0ne (1) man labor day = 8 man labor hours. 
^One (1) man-animal labor day = 5 man-animal labor hours. 
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their corresponding input requirements. Transformation of the aggregate 
inputs in Table 5 into their disaggregated form therefore is done using 
the original data. The disaggregation used in the linear programming 
matrix are as follows; 
a) Man-animal labor days 
Plowing (2 times) = 8 
Harrowing (2 times) = 4 
Furrowing = 1 
Weeding and cultivation = 6 
b) Man labor days 
Planting = 4 
Fertilizing = 4 
Pest and disease control = 6 
Harvesting, threshing, 
drying and cleaning = 5 
c) Operating capital 
Seeds (35 kgms.) = f 70.00 
Fertilizer (250 kgms. 
of 16-20-0) = F170.00 
Insecticides = F 80.00 
Fungicides = P 24.00 
Sacks = f 72.00 
The wage rates used in the original data were adjusted to their 
minimum level set by the government* This in effect lowered the net 
return of soybean in this study relative to the original data. 
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Sweet Potato 
The data on sweet potato came from the Development Bank of the 
Philippines' Vegetable Financing Program. Invariably, the cost and 
return estimates of sweet potato is used by the Development Bank of 
the Philippines in its loaning program. Details on how the techno­
logical coefficients were derived,however, is not available. 
Adjustments on the original data of sweet potato were made in 
this study before entering them in the linear programming matrix. 
The values modified are: 1) The yield per hectare, 2) the land 
preparation coefficients and 3) the wage rates of both man and man-
animal labor. The objective of these adjustments is to bring the data 
to a level where it can be reached easily by average farmers. Hence, 
the original yield of 19 tons per hectare of sweet potato was reduced 
to 10 tons. Consequently, the land preparation coefficients in the 
original data which used man labor exclusively were transformed to man-
animal labor using the technical coefficients of land preparation of 
soybean as the benchmark. Finally, the original data used wage rates 
which are well below the minimum level set by the government and there­
fore were adjusted upwards. 
The technological coefficients of sweet potato are presented in 
Table 5„ Below are the disaggregated form used in the program, 
a) Man-animal labor days 
Plowing (2 times) = 10 
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Harrowing (3 times) = 9 
Furrowing = 2 
Hilling-up = 2 
b) Man labor days 
Clearing the land = 100 
Fertilizing, mixing 
fertilizer with soil = 20 
Planting (includes 
preparation of planting 
materials) 
Weeding 
Spraying 
Harvesting 
Washing, sorting, 
packaging 
c) Operating capital 
Planting materials 
(cuttings) 
Fertilizer 
Pesticides and 
Fungicides 
Packaging materials 
(bamboo baskets) 
= 30 
= 20 
= 10 
= 20 
= 20 
= •?100.00 
= P400.00 
rioo.oo 
= F200.00 
Monthly use of the above inputs are distributed approximating 
the actual farm operation. 
57 
Onion 
The data on onion also came from the Development Bank of the 
Philippines' Vegetable Financing Program, Manila, Philippines. Adjust­
ments on the three categories of the data concerning the sweet potato 
crop were also made on the onion crop. In this case, the original 
yield of 10 tons per hectare was reduced to 8 tons. Wage adjustments 
entailed the raising of man labor and man-animal labor wage rates to 
their legislative minimum. Consequently, the technical coefficients 
of land preparation in the original data were transturmed to their 
man-animal labor approximations. 
The technological coefficients of onion can be found in Table 5. 
The disaggregated input requirements used in the linear programming 
matrix, however, are presented below. 
a) Man-animal labor days 
Plowing (2 times) = 10 
Harrowing = 9 
Furrowing = 2 
b) Man labor days 
Clearing the land = 100 
Laying out and forming 
the beds = 100 
Fertilizing (2 times) = 30 
Planting (includes 
preparation of planting 
materials) = 31 
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Cultivation, watering, 
pest and disease 
control and weeding 190 
Harvesting, washing 
sorting, etc. 25 
c) Operating capital 
Onion suckers 
(planting materials) = •F1,000.00 
Fertilizers PI,030.GO 
Insecticides and 
fungicides r 300.00 
Packaging materials F 316.00 
The above inputs are distributed monthly approximating the actual 
farm operation. 
This chapter discussed the data used in this study. It was 
emphasized that due to the fact that the data were taken from various 
sources, the technological coefficients may not be entirely applicable 
to a particular farm. 
The original data on soybean, sweet potato and onion crops re­
flected the disaggregated distribution of inputs which can be used 
directly in the linear programming matrix. The data on rice and corn 
however, being derived from survey data, do not reflect the technical 
Summary 
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requirements of each farm operation.^ The distribution of the total 
input requirement to its related farm operation in the case of rice 
and corn was done using average estimates from other studies and when 
such estimates were not available, personal knowledge and judgment 
were used. 
^This is contingent of course to the kind of survey data used. 
Surveys which seek to find out the specific input requirements of each 
farm operation will not meet the problem of disaggregation encountered 
in this study. Unfortunately, this is not true to the data available 
on rice and corn. 
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CHAPTER V. RESULTS AND DISCUSSIONS 
Only Model 1 and Model 2 were tested in this study. The reason 
for this is primarily due to the fact that the necessary data ware 
not available for multiple cropping with intercropping schemes. Con­
sequently, the absence of adequate information on sample size, sample 
mean and sample variance of crops other than rice eliminates the chance 
of testing the stochastic forms of Models 1 and 2. Variations within 
Model 1 and Model 2, however, in the form of changes in their con­
straints were tested. 
Optimal solutions were obtained through the use of the IBM 360 
computer of Iowa State University, Ames, Iowa. The specific computer 
program used was MPSX/360-L. P.. Computer outputs are presented in 
APPENDIX B. 
The following form of presentation is adopted in this chapter. 
First, to accommodate the limitations of the data, this study presents 
some general assumptions on the properties of a hypothetical farm on 
which the optimization processes were based. Then we present the 
optimal results obtained using Models 1 and 2. 
The Hypothetical Farm 
The farm subjected to our optimization procedures in this study 
is assumed to have a cropland with an area equal to 3 hectares and does 
have a controlled water resource. Total man labor days available to 
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the farm per month is assumed to consist mainly of the operator's labor 
amounting to 24 man labor days. All man labor days needed to supple­
ment the available operator's labor are to be hired. As stated in 
CHAPTER II, this study assumes the supply of hired man labor to be 
infinitely elastic at the prevailing wage rate. This wage rate is 
taken to be the minimum wage for agricultural workers set by the 
government. The farm operator, however, hires additional man labor 
days when his own labor is exhausted. 
The farmer in our hypothetical farm does not possess any work 
animals. All man-animal labor days needed for farm operation are 
hired outside the farm. The supply of man-animal labor available to 
the farmer is assumed to be infinitely elastic at the minimum wage 
rate set by the government. 
At the initial stage of the multiple cropping operation, this 
study assumes the farm operator to have a zero amount of operating 
capital. The operating capital used in financing the farm operation 
is assumed to be borrowed at some loaning institutions at a 12 percent 
rate of interest per annum. Assuming further that the farm operator 
can borrow all he needs, the above assumption enables the farmer to 
attain che optimal operating capital relative to his objective function. 
A variant of the above assumption tried in this study is to let the 
farmer have a given operating capital to use for two cropping seasons 
without having to borrow. 
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Optimal Solutions to Multiple Cropping Operations 
Using Model 1 
Under Model 1, the farm is forced to produce at least 100 cavans 
of rice per cropping season. Two variations of Model 1 were tried in 
this study, namely; 1) Model 1 Case 1, where the farm operator is left 
to borrow the operating capital he needs for two cropping seasons and 
2) Model 1 Case 2A and Model 1 Case 2B, where two arbitrary levels 
of operating capital equal to PI,500.00 and F3,000.00 respectively 
were set as operating capitals for two cropping seasons. 
The discussions on the optimal net returns above variable cost,^ 
crop combinations, input requirements and the dual activity values of 
resources of multiple cropping operations using Model 1 are done 
separately. 
Optimal Net Returns for Two Cropping Seasons 
Multiple cropping operation using Model 1 Case 1 as the optimiza­
tion vehicle realized a higher net return followed by Model 1 Case 2A. 
The lowest net return was obtained in Model 1 Case 2B (see Table 6). 
It is important to note that at a 12 percent rate of interest per 
annum to operating capital, any amount in excess of that prescribed 
by Model 1 Case 1 tends to decrease net returns. 
^Henceforth, net returns above variable cost will be only 
referred to as net returns. 
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Table 6. Optimal net returns above variable cost of multiple 
cropping operations using Model 1 for two cropping seasons 
Model 1 Model 1 Mode1 1 
Item Case 1 Case 2A Case 2B 
Net returns above 
variable cost (P) 4,219. 47 4,212.44 4,203.74 
Cropland area (has.) 3. 00 3.00 3.00 
Total man labor days 515. 54 361.58 646.54 
Total man-animal 
labor days 97. 52 104.87 98.08 
Operating capital (f)* 2,309. 03 1,500.00 3,000.00 
®These figures do not include wages to hired man labor and man-
animal labor. The study assumed that payments to hired labor are 
done after two cropping seasons. If payments to hired labor are to 
be borrowed, however, then we have the following operating capitals: 
Model 1 Case 1 = 5,280.93 pesos. Model 1 Case 2A = 3,760.78 pesos 
and Model 1 Case 2B = 6,723.02 pesos. The optimality of the net 
returns may not be true at these operating capital levels however. 
Optimal Combination of Crops for Two Cropping Seasons 
The constraint that forced the model to produce at 100 cavans of 
rice required the following crop combination. During the wet season, 
the farmer plants IR-8, Intan, soybean and onion crops and during the 
dry season the farmer plants Intan, soybean and onion crops (see 
Table 7). 
Optimal area planted to IR-8 and Incan remains the same under 
Model 1 Case 1, Model 1 Case 2A and Model 1 Case 2B. Variations on 
the optimal area planted to soybean and onion crops, however, occurred 
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Table 7. Optimal area planted to crops using Model 1 for two 
cropping seasons in hectares 
Case 1® Case 2Ab Case 2b^ 
Crops Wet Dry Wet Dry Wet Dry 
Rice 
IR-8 0, 98 0 0, .98 0 0, .98 0 
Intan 0, .25 1, .05 0, .25 1, .05 0, .25 1, .05 
Wagwag 0 0 0 0 0 0 
Glutinous 0 0 0 0 0 0 
Corn 0 0 0 0 0 0 
Soybean 1. 76 1. ,47 1. 76 1. 81 1. ,48 1. ,47 
Sweet potato 0 0 0 0 0 0 
Onions 0. 01 0. 47 0. 01 0. 14 0. 29 0. 00
 
Total area^ 3. 00 3. 00 3. 00 3. 00 3. 00 3. 00 
^Equivalent to producing 89.97 cavans of IR-8 (rice), 23.74 
cavans of Intan (rice), 3.52 tons of soybean and 0.08 tons of onion 
during the wet season, and 99.72 cavans of Intan (rice), 2.94 tons 
of soybean and 3.76 tons of onion during the dry season. 
^Equivalent to producing 89.97 cavans of IR-8 (rice), 23.74 cavans 
of Intan (rice), 3.52 tons of soybean and 0.08 tons of onion during 
the wet season, and 99.72 cavans of Intan (rice), 3.62 tons of soybean 
and 1.12 tons of onion during the dry season. 
'^Equivalent to producing 89.97 cavans of IR-8 (rice), 23.74 cavans 
of Intan (rice), 2.96 tons of soybean and 2.32 tons of onion during the 
wet season, and 99.72 cavans of Intan (rice), 2.94 tons of soybean and 
3.84 tons of onion during the dry season. 
^Figures were rounded up. 
whenever: 1) a relatively smaller area is necessary to satisfy the 
rice constraint, and 2) a relatively higher operating capital is 
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available to the farmer. Essentially, what takes place when a smaller 
area is planted to rice is the release of labor and operating capital 
which could be used for soybean and onion crops. Consequently, although 
the onion crop exhibited the highest gross return per unit area (see 
CHAPTER IV), it is intensive in both labor and operating capital com­
pared to rice and soybean crops. Hence, the onion crop tends to enter 
the optimal activity vector only if both labor and operating capital 
are present in large amounts. 
Optimal Input Requirements for Two Cropping Seasons 
The built-in constraint of Model 1 which allows hiring of additional 
man labor days only if the operator's man labor days are not enough 
resulted in a comparatively full utilization of the operator's labor 
for two cropping seasons (see Tables 8, 9 and 10). With the exception 
of the months of August, October and February, the farm operator is 
expected to render 24 man labor days per month on his farm. Hence, for 
two cropping seasons, the farm operator is required to work 237,77 man 
days under Model 1 Case 1, 229.48 man days under Model 1 Case 2A and 
254.98 man days under Model 1 Case 2B. 
Hired man labor days required to supplement the operator's labor 
for two cropping seasons amounted to 267.77 man days for Model 1 Case 1, 
132.10 man days for Model 1 Case 2A and 361.65 man days for Model 1 
Case 2B. In general, the start of the cropping season required a 
greater amount of hired man labor days. Increasing the amount of 
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Table 8. Model 1, Case 1; Optimum input requirements for two 
cropping seasons 
Operator's Hired Hired 
man labor man labor man-animal Operating 
Months days days days capital 
May 24 o
 
o
 
25 .02 35 .73 fl81. 21 
June 24 .00 7 .47 14 .05 245, .27 
July 24 .00 0 0 65. ,62 
August 4, .82 0 0 0 
September 24, .00 19, 42 0 84. 12 
October 8, 75 0 0 7. 69 
November 24. ,00 130. ,16 38. ,91 875. 52 
December 24. 00 37. ,36 8. ,83 510. 24 
January 24. 00 35. 50 0 130. 24 
February 18. 20 0 0 0 
March 24. 00 0 0 209. 11 
April 24. 00 12. 84 0 0 
Total 247. 77 267. 77 97. 52 f2309. 03 
operating capital available to the farmer is observed to be 
accomplished by employment of more man labor days. 
Only during the first two months of a cropping season does the 
farmer hire man-animal labor. These months are May and June during 
farmer hire man-animal labor. These months are May and June during 
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Table 9. Model 1, Case 2A: 
cropping seasons 
Optimum input requirements for two 
Months 
Operator's 
man labor 
days 
Hired 
man labor 
days 
Hired 
man-animal 
days 
Operating 
capital 
May 24.00 25.03 35.73 r 181.22 
June 24.00 7.47 14.05 245.27 
July 24.00 0 0 65.62 
August 4.82 0 0 0 
September 24.00 19.43 0 84,12 
October 8.75 0 0 7.69 
November 24.00 51.33 36.26 394.81 
December 24.00 14.75 18.83 323.62 
January 24.00 1.24 0 80.35 
February 9.89 0 0 0 
March 14.02 0 0 117.30 
April 24.00 12.85 0 0 
Total 229.48 132.10 104.87 T1500.00 
the wet season, and November and December during the dry season. The 
amount of hired man-animal labor days optimal to Model 1 Case 1 was 
97.52, Model 1 Case 2A required 104.87 man-animal labor days and Model 1, 
Case 2B used 98.08 man-animal labor days. 
The optimal operating capital obtained in Model 1 C&se 1 at a 12 
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Table 10. Model 1, Case 2B; Optimum input requirements for two 
cropping seasons 
Months 
Operator's 
man labor 
days 
Hired 
man labor 
days 
Hired 
man-animal 
days 
Operating 
capital 
May 
June 
July 
August 
September 
October 
November 
December 
January 
February 
March 
April 
24.00 
24.00 
24.00 
11.92 
24.00 
8.75 
24.00 
24.00 
24.00 
18.20 
24,00 
24.00 
92.36 
26.22 
29.26 
0 
27.95 
0 
130.16 
37.36 
35.50 
0 
0 
12.84 
38.00 
12.34 
0 
0 
0 
0 
38.91 
8.83 
0 
0 
0 
0 
r 591.76 
404.66 
108.23 
0 
162.54 
7.69 
875.52 
510.23 
130.25 
0 
209.12 
0 
Total 254.89 391.65 98.08 «000.00 
percent rate of interest per annum was 2309.03 pesos. Monthly schedule 
of operating capital requirements of Model 1 Case 1, Model 1 Case 2A 
and Model 1 Case 2B are shown in Tables 8, 9 and 10 respectively. 
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Dual Activity Values of Resources for 
Two Cropping Seasons 
The dual activity value of a particular resource at the optimal 
point of the objective function may be interpreted as the marginal 
net profitability of that resource (see CHAPTER II). Ceteris paribus, 
the relative scarcity of a particular resource may be discerned from 
its dual activity value. Table 11 presents the dual activity values 
of resources using Model 1„ 
Land exhibited the highest dual activity value for the two varia­
tions of Model 1. During the wet season cropping, a decrease in one 
unit of land in the month of May will bring a corresponding reduction 
in the return of Model 1 Case 1 by 904.32 pesos. Similarly, a unit 
decrease of land in the same month will reduce the returns of Model 1 
Case 2A and Model 1 Case 2B by 895.50 pesos and 910.28 pesos respectively. 
The same interpretation applies to the dual activity values of land in 
the dry season cropping. 
Hiring of man labor days and man-animal labor days stopped at the 
point where the returns obtained from hiring additional units of labor 
equal their wage rates. Lower dual activity values, on the other hand, 
were obtained in some cases where the monthly operator's man labor days 
are exhausted. See for example, operator's labor in July (OPLJUL) for 
Model 1 Case 1 and Model 1 Case 2A and operator's labor in March 
(OPLMAR) for Model 1 Case 1 and Model 1 Case 2B. This phenomenon. 
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Table 11. Dual activity values of resources using Model 1 
References Model 1 Case 1 Model 1 Case 2A Model 1 Case 2B 
LDlfMAY 0 0 0 
LDU^Y -904.32 -895,50 -910.28 
OPL^Y - 6.00 - 6.00 - 6.00 
MAL^Y - 14.00 - 14.00 - 14.00 
OCApemY - 1.12 - 1.16 - 1.09 
LDLJUN 0 0 0 
LDUJUN 0 0 0 
OPLJUN - 6.00 - 6.00 - 6.00 
MALJUN , - 14.00 - 14.00 - 14.00 
OCAPJUN - 1.12 - 1.16 - 1.09 
LDLJUL 0 0 0 
LDUJUL 0 0 0 
OPLJUL - 5.34 4.36 - 6.00 
MALJUL 0 0 0 
OCAPJUL - 1.12 - 1.16 - 1.09 
LDLAUG 0 0 0 
LDUAUG 0 0 0 
OPLAUG 0 0 0 
MALAUG 0 0 0 
OCAPAUG - 1.12 - 1.16 - 1.09 
LDLSEP 0 0 0 
LDUSEP 0 0 0 
OPLSEP - 6.00 - 6.00 - 6.00 
MALSEP 0 0 0 
OCAPSEP - 1.12 - 1.16 - 1.09 
LDLOCT 397.32 396.35 397.97 
LDUOCT 0 0 0 
OPLOCT 0 0 0 
MALOCT 0 0 0 
OCAPOCT - 1.12 - 1.16 - 1.09 
RICE 1 6.19 5.93 6.36 
LDLNOV 0 0 0 
LDUNOV 0 0 0 
OPLNOV - 6.00 - 6.00 - 6.00 
^LDL (month) = lower limit of land resource in hectares. 
^LDU (month) = upper limit of land resource in hectares. 
^OPL (month) = operator's man labor days. 
^MAL (month) = man-animal labor days. 
®OGAP (month) = operating capital in pesos. 
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Table 11. (continued) 
References Model 1 Case 1 Model 1 Case 2A Model 1 Case 2B 
MALNOV - 14.00 - 14.00 - 14.00 
OCAPNOV - 1.12 - 1.16 - 1.09 
LDLDEC 0 0 0 
LDUDEC 0 0 0 
OPLDEC - 6.00 - 6.00 - 6.00 
MALDEC - 14.00 - 14.00 - 14.00 
OCAPDEC - 1.12 - 1.16 - 1.09 
LDLJAN 0 0 0 
LDUJAN 0 0 0 
OPLJAN - 6.00 - 6.00 - 6.00 
MALJAN 0 0 0 
OCAPJAN - 1.12 - 1.16 - 1,09 
LDLFEB 0 0 0 
LDUFEB 0 -937.50 -924.28 
OPLFEB 0 0 0 
MALFEB 0 0 0 
OCAPFEB - 1.12 - 1.16 - 1.09 
LDLMAR 0 0 0 
LDUMAR -929.62 0 0 
OPimR -  3 .33  0 - 5.60 
MALMAR 0 0 0 
OCAPMAR - 1.12 - 1.16 - 1.09 
LDIAPR 0 0 0 
LDUAPR 0 0 0 
OPLAPR - 6.00 - 6.00 - 6.00 
MALAPR 0 0 0 
OCAPAPR 0 0 0 
RICE 2 2.43 2.57 2.33 
however, is attributed to the fact that the use of operator's man 
labor days is admissible to the program whenever the additional return 
from the use of another unit is nonnegative. Accordingly, hiring of 
man labor days to supplement the operator's labor is effected only if 
the marginal return on additional man labor is greater or equal to the 
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minimum wage rate. 
The dual activity value of operating capital under Model 1 Case 1 
revealed that operating capital is borrowed up to the point where 
marginal returns of operating capital is equal to the assumed rate of 
interest. Consequently, taking the assumed rate of interest as a 
benchmark, it pays to increase the operating capital of Model 1 Case 2Â 
and to decrease the operating capital of Model 1 Case 2B. 
Optimal Solutions to Multiple Cropping 
Operations Using Model 2 
In contrast to Model 1, Model 2 permits any alternative crop 
open to the farm operator to enter the optimal activity vector as long 
as it satisfies the objective function. The same alternative crops 
used in Model 1 were used in Model 2. 
Two variations of Model 2 similar to the ones employed in Model 1 
were tested. The discussion below starts from the optimal net returns 
above variable cost, followed by the optimal area planted to crops 
for two cropping seasons, input requirements and the dual activity 
values. 
Optimal Net Returns for Two Cropping Seasons 
In general net returns obtained from Model 2 were higher compared 
to Model 1. Apparently, this was due to the removal of the constraint 
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that forced Model 1 to produce at least 100 cavans of rice per cropping 
season. 
Under Model 2, the highest net return was attained by Model 2 Case 1, 
where the model is left to borrow the operating capital optimal to the 
farm (see Table 12), The absolute differences of net returns among 
Table 12. Optimal net returns above variable cost of multiple cropping 
operations using Model 2 for two cropping seasons 
Item 
Model 2 
Case 1 
Model 2 
Case 2A 
Model 2 
Case 2B 
Net returns above 
variable cost (I?*) 5,236.88 5,202.10 5,214.99 
Cropland area (has.) 3.00 3.00 3.00 
Total man labor days 404.52 196.30 437.43 
Total man-animal 
labor days 112.86 107.57 112.99 
Operating capital (f)& 2,827.14 1,500.00 3,000.00 
®These figures do not include wages to hired man labor and man-
animal labor. The study assumed that payments to hired labor are done 
after the two cropping seasons. If payments to labor are to be 
borrowed, however, then we have the following operating capitals: 
Model 2 Case 1 = 5,524.56 pesos. Model 2 Case 2A = 3,133.00 pesos 
and Model 2 Case 2B = 5,886.08 pesos. The optimality of the net 
returns with the adjusted operating capital cannot be guaranteed 
however. 
Model 2 Case 1, Model 2 Case 2A and Model 2 Case 2B, however, may be 
considered as minimal. 
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Optimal Crop Combinations for Two Cropping Seasons 
The resultant optimal crop combination of multiple cropping 
operation using Model 2 revealed that rice (Intan) enters the optimal 
activity vector only during the dry season cropping. The area alloted 
for the production of Intan amounted to 0.25 hectare with Model 2 
Case 1 and Model 2 Case 2B where a relatively high amount of operating 
capital was available to the farmer. Model 2 Case 2A with an operating 
capital of 1,500.00 pesos has 0.69 hectare of Intan in its optimal 
activity vector (see Table 13). 
Soybean remains as the most dominant crop in Model 2 in terms of 
area planted. For two cropping seasons, the soybean crop occupied an 
area of 2.30 to 2.70 hectares. Production of onion crop, on the other 
hand, appeared to follow closely the amount of operating capital 
available to the farmer. Area planted to the onion crop is at its 
lowest with 0.01 hectare when an arbitrary operating capital of 1,500.00 
pesos is used by the farmer. Consequently, area planted to the onion 
crop is at its highest when the farmer used an operating capital equal 
to 3,000.00 pesos. 
Optimal Input Requirements for Two Cropping Seasons 
Monthly optimal input requirements of multiple cropping operations 
using Model 2 are presented in Tables 14, 15, and 16. The same as in 
Model 1, Model 2 achieved a comparative full utilization of monthly 
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Table 13. Optimal area planted to crops using Model 2 for two 
cropping seasons in hectares 
Case 1® Case 2A^ Case 2B^ 
Crop Wet Dry Wet Dry Wet Dry 
Rice 
IR-8 0 0 0 0 0 0 
Intan 0 0. 25 0 0, .69 0 0, .25 
Wagwag 0 0 0 0 0 0 
Glutinous 0 0 0 0 0 0 
Corn 0 0 0 0 0 0 
Soybean 2.70 2. 41 2. 90 2. 30 2. 70 2. ,34 
Sweet Potato 0 0 0 0 0 0 
Onion 0.30 0. 34 0. 09 0. 01 0. 30 0. 41 
Total area^ 3.00 3. 00 3. 00 3. 00 3. 00 3. 00 
^Equivalent to producing 5.AO tons of soybean and 2.40 tons of 
onion during the wet season, and 23.74 cavans of Intan (rice), 4.82 
tons of soybean and 2.72 tons of onion during the dry season. 
t'Equivalent to producing 5.80 tons of soybean and 0.72 tons of 
onion during the wet season, and 65.53 cavans of Intan (rice), 4.72 
tons of soybean and 0.08 tons of onion during the dry season. 
^Equivalent to producing 5.40 tons of soybean and 2.40 tons of 
onion during the wet season, and 23.74 cavans of Intan (rice), 4.68 
tons of soybean and 3.28 tons of onion during the dry season. 
^Figures are rounded up. 
monthly operator's man labor days for two cropping seasons. Hiring 
of man labor days generally occurred during the first three months of 
a cropping season, with Model 2 Case 2A requiring the least with 21.17 
man labor days, followed by Model 2 Case 1 with 186.23 man labor days 
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Table 14. Model 2, Case 1: Optimum input requirements for two 
cropping seasons 
Operator's Hired Hired 
man labor man labor man-animal Operating 
Months days days labor days capital 
May 24 .00 59 .10 41.40 f 643 .50 
June 24 .00 13 .80 16.20 480 .30 
July 24, .00 8 .40 0 45, .00 
August 7, .50 0 0 0 
September 24. 00 0 0 202. 80 
October 24. ,00 75, .97 40.81 698. ,59 
November 24. 00 ,15. ,27 14.45 487. ,41 
December 24. 00 13. ,69 0 65. 24 
January 10. 04 0 0 0 
February 24. 00 0 0 204. 30 
March 8. 75 0 0 0 
Total 218. 29 186. 23 112.86 •P2827. 14 
and Model 2 Case 2B with 217.37 man labor days. Total man labor days 
required for two cropping seasons were; 404.52 for Model 2 Case 1, 
196.30 for Model 2 Case 2A and 437.43 for Model 2 Case 2B. 
The optimal hired man-animal labor days required by the Model 2 
were: 112.86 for Model 2 Case 1, 107.57 for Model 2 Case 2A and 112.99 
for Model 2 Case 2B. Hiring of man-animal labor is done during the 
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Table 15. Model 2, Case 2A: Optimum input requirements for two 
cropping seasons 
Months 
Operator's Hired Hired 
man labor man labor man-animal Operating 
days days labor days capital 
May 
June 
July 
August 
September 
October 
November 
December 
January 
February 
March 
24.00 
24.00 
10.27 
2.38 
17.85 
24.00 
24.00 
8 . 2 2  
4.44 
11.97 
24.00 
10.54 
0 . 2 8  
0 
0 
0 
10.35 
0 
0 
0 
0 
0 
39.76 
17.43 
0 
0 
0 
36.58 
13.80 
0 
0 
0 
0 
P347.45 
365.33 
14.24 
0 
146.25 
215.20 
274.85 
40.34 
0 
96.34 
0 
Total 175.13 21.17 107.57 F1500.00 
first two months of the cropping season. 
Monthly operating capital requirements of Model 2 are concentrated 
on the first two months of the cropping season where over two-thirds 
of the operating capital aee expended. The level of operating capital 
optimal to the system at an interest rate of 12 percent per annum is 
equal to 2,827.14 pesos (dee Table 14). 
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Table 16. Model 2, Case 2B; Optimum input requirements for two 
cropping seasons 
Operator's Hired Hired 
man labor man labor man-animal Operating 
Months days days labor days capital 
May 24 b
 
o
 
59 .10 41 .40 f^643 .50 
June 24 .00 13, .80 16 .20 480 .30 
July 24 .00 8, .40 0 45, .00 
August 7, .50 0 0 0 
September 24, .00 0 0 202, .80 
October 24. 00 92. ,82 41, .37 801. ,30 
November 24. ,00 20. ,11 14. ,02 527. ,28 
December 24. 00 21. 01 0 75. 91 
January 11. 81 0 0 0 
February 24. 00 2. 13 0 223. 91 
March 8„ 75 0 0 0 
Total 220. 06 217. 37 112. 99 53000. 00 
80 
Dual Activity Values of the Resources 
for Two Cropping Seasons 
Table 17 presents the dual activity values of resources used in 
multiple cropping operations under Model 2 for two cropping seasons. 
The same as in Model 1 ,  land resource exhibited the highest dual 
activity values in Model 2. Removing one unit of land from production 
will result to a decrease in net returns ranging from 914.34 to 920.62 
pesos during the wet season cropping and between 882.77 to 929.62 pesos 
during the dry season cropping. 
Hired man labor and hired man-animal labor exhibited dual activity 
values of -6.00 and -14.00 respectively. This implies that hiring of 
man labor and man-animal labor is done only up to the point when their 
marginal returns equal their wage rates. The dual activity values of 
operator's labor, on the other hand, ranges from 0 to -5.85 implying 
that during some months operator's labor is not a limiting resource 
and may have a shadow price below the minimum wage rate. 
The dual activity value of operating capital in Model 2 Case 1 
equal to -1,12 denotes the point where the borrowing of additional 
operating capital stopped. At this point the additional return 
obtained from an extra unit of operating capital just equal the assumed 
rate of interest per annum. Taking the assumed rate of interest per 
annum as a benchmark, the dual activity values of operating capital 
show that it pays to increase the operating capital of the farmer in 
Model 2 Case 2A where the dual activity value of operating capital is 
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Table 17. Dual activity values of resources using Model 2 
Resources Model 2 Case 1 Model 2 Case 2A Model 2 Case 2B 
LDL®MAY 0 0 0 
LDU^MAY 0 -870.07 0 
OPlfMAY - 6.00 - 6.00 - 6.00 
MAL^MAY - 14.00 - 14.00 - 14.00 
OCApewAY - 1.12 - 1.42 - 1.08 
LDLJUN 0 0 0 
LDUJUN 0 0 0 
OPLJUN - 6.00 - 6.00 - 6.00 
MAUUN - 14.00 - 14.00 - 14.00 
OCAPJUN - 1.12 - 1.42 - 1.08 
LDLJUL 0 0 0 
LDUJUL 0 0 0 
OPLJUL - 6.00 0 - 6.00 
MALJUL 0 0 0 
OCAPJUL - 1.12 - 1.42 - 1.08 
LDLAUG 0 0 0 
LDUAUG 0 0 0 
OPLAUG 0 0 0 
MALAUG 0 0 0 
OGAPAUG - 1.12 - 1.42 - 1.08 
LDLSEP 0 0 0 
LDUSEP -920.62 0 -914.34 
OPLSEP - 2.73 0 - 5.40 
MALSEP 0 0 0 
OCAPSEP - 1.12 - 1.42 
00 o
 
1 
LDLOCT 0 0 0 
LDUOCT 0 0 0 
OPLOCT - 6.00 - 6.00 - 6.00 
MALOCT - 14.00 - 14.00 - 14.00 
OCAPOCT - 1.12 - 1.42 - 1.08 
LDLNOV 0 0 0 
LDUNOV -929.62 0 0 
OPLNOV - 6.00 - 5.82 - 6.00 
MALNOV - 14.00 - 14.00 - 14.00 
aLDL (month) = lower limit of land resource in hectares. 
°LDU (month) = upper limit of land resource in hectares. 
CQPL (month) = operator's man labor days. 
^MAL (month) = man-animal labor days. 
®OCAP (month) = operating capital in pesos. 
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Table 17. (continued) 
Resources Model 2 Case 1 Model 2 Case 2A Model 1 Case 2B 
OCAPNOV - 1.12 - 1.42 - 1.08 
LDLDEC 0 0 0 
LDUDEC 0 0 0 
OPLDEC - 6.00 0 - 6.00 
MALDEC 0 0 0 
OGAPDEC - 1.12 - 1.42 
00 o
 1 
LDLJAN 0 0 0 
ldujan 0 0 0 
OPLJAN 0 0 0 
MALJAN 0 0 0 
OCAPJAN - 1.12 - 1.42 i o
 
00
 
LDLFEB 0 0 0 
LDUFEB 0 -882.77 -923.34 
OPLFEB - 3.33 0 - 6.00 
MALFEB 0 0 0 
OGAPFEB - 1.12 - 1.42 - 1.08 
LDLMAR 21.06 0 10.04 
LDUMAR 0 0 0 
opimr 0 - 1.31 0 
MALMAR 0 0 0 
OCAPMAR 0 0 0 
equal to -1.42, while it is advantageous to decrease the operating 
capital of the farmer in Model 2 Case 2b where the dual activity value 
of the operating capital is equal to -1.08. 
Summary 
This chapter discussed the optimal net returns, crop combinations, 
input requirements and dual activity values of resources on multiple 
cropping operations using Model 1 and Model 2. Among the results 
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obtained were: 1) net returns of multiple cropping operations where 
the production of rice was not forced were higher, 2) full utilization 
of the land resource was obtained using Model 2, while on Model 1 
a cropland area equal to 2.75 hectares was idle during the month of 
October, 3) the optimal operating capital obtained through the use of 
the borrowing activity at an assumed rate of interest equal to 12 
percent were 2,309.03 pesos in Model 1 and 2,827.14 pesos in Model 2 
and 4) operator's labor attained a comparative full utilization on 
both models. 
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CHAPTER VI. SUMMARY AND CONCLUSION 
This study attempts to build linear economic optimization models 
for multiple cropping operations. Two basic models were constructed, 
namely: 1) Model 1, a deterministic model with cropping period division 
determined by the cropping period of the primary crop and 2) Model 2, 
a deterministic model with cropping periods determined by the programming 
model. Three variants of these two basic models were also formulated, 
namely; 1) Model 3A, a deterministic multiple cropping model with 
intercropping scheme, 2) Model 3B, Bradfield's continuous intercropping 
model and 3) Model 4, a stochastic formulation of Model 2. 
Due to limited data, only Model 1 and Model 2 were tested in 
this study. Intramodel variations in the form of changes in the level 
of operating capital, however, were conducted. 
Optimal solutions were obtained through the use of the IBM 
computer of Iowa State University, Ames, Iowa. The specific computer 
program used was MPSX/360 - L.P. 
Below are some observations on the optimization of multiple 
cropping operations of a three-hectare farm using Model 1 and Model 2 
for two cropping seasons: 
1) Net returns above variable cost of multiple cropping using 
Model 2 were higher compared to Model 1 where the system was required 
to produce at least 100 cavans of rice every cropping period. 
2) The optimal net returns were realized by planting at least 
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two crops per cropping season. Soybean appeared as the most dominant 
crop in terms of the size of the area planted. 
3) The optimal operating capital differed on Model 1 and Model 2 
at the same assumed rate of interest equal to 12 percent per annum. 
Operating capital reached the optimum level at 2,309.03 pesos for 
Model 1 and at 2,827.14 pesos for Model 2. 
4) Both Model 1 and Model 2 permitted the full utilization of 
operator's labor over the two cropping seasons covered by the study. 
5) Hired man labor days optimal to the system increased rapidly 
as operating capital increases. Response of hired man-animal labor 
to the same increase in operating capital, however, was minimal. 
6) Land utilization of multiple cropping operation using Model 2 
for two cropping seasons is complete, while in Model 1, a slack of 2.75 
hectares occurred during the month of October. 
7) Intramodel variations of net returns on Model 1 and Model 2 
may be termed as minimal. The decision, however, to operate with an 
operating capital equal to 1,500.00 pesos or at the optimal operating 
capital 2,309.03 pesos on Model 1 or at 2,827.14 pesos in Model 2 may 
be based on the gross returns of such operating capital levels. 
Multiple cropping operation operating at the optimum level of operating 
capital produced much greater gross return compared to multiple cropping 
operation using only 1,500.00 pesos as operating capital. In addition, 
employment of hired man labor increase tremendously when the operating 
capital of multiple cropping operation is at its optimum level. 
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8) Overall, the optimal results of Model 1 and Model 2 surpassed 
the returns reported by Bernai et al. (4) on per hectare basis. Serious 
comparison between the two studies, however, is questionable. 
As a whole, Model 1 and Model 2 have demonstrated their opera­
tional capabilities in finding the optimum solutions to multiple 
cropping operations. The primary use of these models are essentially 
for planning purposes. Farmers with the use of Model 1 or Model 2 can 
ascertain in advance the optimal area which will be allotted to each 
crop in every cropping season given the technological coefficients 
and resource constraints. Accordingly, the models will give the farmer 
the monthly input requirements and the optimal amount of operating 
capital to borrow. 
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APPENDIX A 
The data contained in APPENDIX A were sent by the Department of 
Agricultural Economics, College of Agriculture, University of the 
Philippines, College, Laguna, Philippines. Tables A.1 to A.7 came 
from the farm management studies of the above mentioned institution. 
Table A.8 came from the University of the Philippines, College of 
Agriculture Legume Committee and Tables A.9 and A.10 came from the 
Development Bank of the Philippines' Vegetable Financing Program, 
Manila, Philippines. 
The figures appearing in Tables A.9 and A.10 were adjusted before 
entering them in the linear programming matrix ( see CHAPTER IV). 
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Table A.l. Input-output data on IR-8 rice variety, dry season 
1967-68, on per hectare basis, Laguna, Philippines 
Items Man days Man-animal days Cost (pesos) 
Man labor 104.29 625.74 
Man-animal labor 15.86 222.04 
Seeds 25.00 
Fertilizer 78.72 
Insecticide^ 20.19 
Weedicides 17.26 
Hauling and 
transportation 5.25 
Miscellaneous 1.65 
Yield = 78.88 cavans 
Gross return = PI,204.75 
Net return above variable cost (animal operated) = P200.86 
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Table A.2, Input-output data on IR-8 rice variety, wet season 
1967-68 on per hectare basis, Laguna, Philippines 
Items Man days Man-animal days Cost (pesos) 
Man labor 110.83 665.16 
Man-animal labor 12.89 180.46 
Seeds 25.00 
Fertilizer 81.86 
Insecticides 24.00 
Weedicides 9.33 
Hauling and 
transportation 10.40 
Miscellaneous 10.63 
Yield = 91.81 cavans 
Gross return = ?1,323.30 
Net return above variable cost (animal operated) = P316.17 
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Table A.3. Input-output data on Intan rice variety, dry season 
1967-68 on per hectare basis, Laguna, Philippines 
Items Man days Man-animal days Cost (pesos) 
619.08 
130.34 
25.00 
67.45 
22.24 
5.21 
Man labor 103.18 
Man-animal labor 9.31 
Seeds 
Fertilizer 
Insecticides 
Weedicides 
Hauling and 
transportation 
Miscellaneous 24.53 
Yield = 94.98 cavans 
Gross return = PI,573.75 
Net return above variable cost (animal operated) = P684.28 
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Table A.4. Input-output data on Intan rice variety, wet season 
1967-68, on per hectare basis, Laguna, Philippines 
Items Man days Man-animal days Cost (pesos) 
Man labor 85.52 
Man-animal labor 13.96 
Seeds 
Fertilizer 
Insecticides 
Weedicides 
Hauling and 
transportation 
Miscellaneous 
Yield = 40.78 cavans 
Gross return = F823.37 
Net return above variable cost (animal operated) = P45.39 
513.12 
195.44 
25.00 
19.67 
1.74 
2.69 
1.84 
28.94 
98 
Table A.5. Input-output data on Wagwag rice variety, dry season 
1967-68, on per hectare basis, Laguna, Philippines 
Items Man days Man-animal days Cost (pesos) 
Man labor 87.89 
Man-animal labor 15.66 
Seeds 
Fertilizer 
Insecticides 
Weedicides 
Hauling and 
transportation 
Miscellaneous 
Yield = 45.68 cavans 
Gross return = P930.19 
Net return above variable cost (animal operated) = P46.96 
527.34 
219.24 
25.00 
128.60 
4.48 
11.07 
5.54 
18.30 
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Table A.6. Input-output data on Glutinous rice variety, wet season 
1967-68, on per hectare basis, Laguna, Philippines 
Items Man days Man-animal days Cost (pesos) 
Man labor 98.83 592.98 
Man-animal labor 14.37 201.IS 
Seeds 25.00 
Fertilizer 31.27 
Insecticides 1.79 
Weedicides 6.89 
Hauling and 
transportation 12.28 
Miscellaneous 38.56 
Yield = 57.10 cavans 
Gross return = Fl,355.26 
Net return above variable cost (animal operated) = ?474.51 
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Table A.7. Input-output data on corn on per hectare basis, crop 
year 1967-68, Laguna, Philippines 
Items Man days Man-animal days Cost (pesos) 
Man labor 8.53 51.18 
Man-animal labor 17,00 238.00 
Fertilizer 37.00 
Seeds 12.50 
Yield = 41.78 cavans 
Gross return = 3514.73 
Net return above variable cost (animal operated) = F293.09 
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Table A.8. Input-output data on soybean, on per hectare basis, 
Philippines 
Item 
Kind of input 
used 
Amount 
used 
Cost per 
season 
A. Land preparation 
1. Plowing (2X) 
2. Harrowing (2X) 
3. Furrowing 
B. Planting 
1. Labor 
2. Seeds 
man-animal labor 
man-animal labor 
man-animal labor 
man labor 
recommended variety 
C. Fertilizer application 
1. Labor man labor 
2. Materials 16-20-0 
D. Weeding and cultivation 
man-animal labor 
E. Pest and disease control 
1. Labor man labor 
2. Materials insecticides 
fungicides 
F. Harvesting, threshing 
drying, cleaning 
1. Labor man labor 
2. Materials sacks 
8 days 
4 days 
1 day 
f 72.00 
36.00 
9,00 
4 days 19.00 
35 kilograms 70.00 
4 days 19.00 
250 kilograms 170.00 
6 days 
6 days 
1 gal. 
6 lbs. 
5 days 
40 
54.00 
28.50 
80.00 
24.00 
23.75 
72.00 
Yield per hectare = 2 metric tons 
Gross return (at P750.00/ton) = W,500.00 
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Table A.9. Input-output data on sweet potato, on per hectare basis, 
Philippines 
Operations Man days Value (?) 
A. Clearing the land 100 •F350.00 
B. Preparation of the land 
1. First plowing 40 140.00 
2, First harrowing 20 70.00 
3. Second plowing 30 105.00 
4. Second harrowing 15 52.00 
5. Making the furrows 2 7.00 
6. Applying the fertilizers 10 35.00 
7. Mixing the fertilizers with the soil 10 35.00 
C. Planting 
1. Preparing the planting materials 10 35.00 
2. Planting the cuttings 20 70.00 
Do Care of the plants 
1. Weeding 20 70.00 
2. Hilling-up 30 105.00 
3. Control of pest and disease 10 35.00 
E. Harvesting 
1, Plowing or with the use 
appropriate tools 20 70.00 
2. Washing, sorting and packaging 20 70.00 
F. Cost of materials 
1. Assorted fertilizers 400.00 
2. Cuttings 100.00 
3. Pesticides and fungicides 100.00 
4. Bamboo baskets (200 pieces) 250.00 
Estimated production = 19,000 kilograms 
Gross return @ 1?0.20/kgm. = f3,800.00 
103 
Cable A. 10. Iiiput-output data on onion, on per hectare basis, 
Philippines 
Operations Man days Value (P) 
A. Clearing the land 100 
Bo Land preparation 
1. First plowing 40 
2. First harrowing 20 
3. Second plowing 30 
4. Second harrowing 15 
5. Laying out and forming the beds 100 
6. Making the furrows and applying 
fertilizers 30 
7. Mixing the fertilizers with the soil 10 
r 350.00 
140.00 
70.00 
105.00 
52.00 
350.00 
105,00 
35.00 
C. Planting 
1. Preparing the planting materials 
2. Planting (suckers) 
3. Watering 
10 
20 
1 
35.00 
70.00 
3.50 
D. Care of plants 
1. Watering 
2. Weeding and cultivation 
3. Side dressing of fertilizers 
4. Hilling-up 
5. Control of pest and diseases 
75 
75 
10 
30 
10 
262 sn 
262.50 
35.00 
105.00 
35.00 
Harvesting 
1. Harvesting 
2. Washing, sorting, grading 
3. Packing and packaging 
10 
10 
5 
35.00 
35.00 
17.50 
Cost of materials 
1. Assorted fertilizers 
2. Onion suckers 
3. Insecticides and fungicides 
4. Packaging materials (bamboo baskets, 
wooden crates, etc.) 
1030.00 
1000.00 
300.00 
316.00 
Estimated production = 10,000 kilograms 
Gross return @ f0.85/kgm. = F8,500.00 
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APPENDIX B 
Tables in APPENDIX B are computer outputs of the two multiple 
cropping models. The following notations are used in these tables. 
(a) Crop activities 
IRW = IR-8 rice variety, wet season 
IRD = " " " dry season 
INTANW = Intan rice variety, wet season 
INTAND - " " " , dry season 
MLGTW = Glutinous rice variety, wet season 
WWGD = WagWag rice variety, dry season 
CORNW = Corn, wet season 
CORND = Corn, dry season 
SOYBW = Soybean, wet season 
SOYBD = Soybean, dry season 
SWTPW = Sweet potato, wet season 
SWTPD = Sweet potato, dry season 
ONONW = Onion, wet season 
ONOND = Onion, dry season 
(b) Capital borrowing and transfer activities 
CAPBOR •= capital borrowing activity 
CAPTR (month) = capital borrowing activity for a 
given month. 
(c) Labor hiring activities 
MNLHA (month) = man labor hiring activity for a 
given month. 
MALHA (month) = man-animal labor hiring activity 
for a given month. 
(d) Resources 
I4DL (month) = lower limit of land for a given month. 
LDU (month) = upper limit of land for a given month. 
GPL (month) = operator's man labor days for a given 
month. 
MAL (month) = man-animal labor days for a given month. 
OCAP (month) = operating capital in pesos for a given 
month. 
Table B.la. Model 1, Case 1; Row output 
SLACK 
NO. ROW AT ACTIVITY ACTIVITY 
1 PROFIT BS 5756.17265 
2 LDLMAY BS 3.00000 
3 LDUM&Y UL 3.00000 
4 OPLMAY UL 24.00000 
5 MkLMAY UL 
6 OCAPMAY UL 
7 LDUUN BS 3.00000 
8 LKUJUN BS 3.00000 
9 OPLJUN UL 24.00000 
10 MAWUN UL 
11 OCAPJUN UL g  
12 LEELJUL BS 3.00000 
13 LDUJUL BS 3.00000 
14 OPLJUL UL 24.00000 
15 MALJUL BS 
16 OCAPJUL UL 
17 LDLAUG BS 3.00000 
18 LDUAUG BS 3.00000 
19 OPLAUG BS 4.82098 
20 MALAUG BS 
21 OCAPAUG UL 
22 LDLSEP BS 3.00000 
23 LDUSEP BS 3.00000 
24 DPLSEP UL 24.00000 
25 MÂLSEP BS 
26 OCAPSEP UL 
27 LDLOCT LL .25000 
28 LDUOCT BS .25000 
29 OPLOCT BS 8.75000 
5756 
2 
19 
75000 
15.25000 
LOWER 
LIMIT 
UPPER 
LIMIT 
DUAL 
ACTIVITY 
NONE 
25000 
NONE 
NONE 
NONE 
NONE 
25000 
NONE 
NONE 
NONE 
NONE 
25000 
NONE 
NONE 
NONE 
NONE 
.25000 
NONE 
NONE 
NONE 
NONE 
.25000 
NONE 
NONE 
NONE 
NONE 
.25000 
NONE 
NONE 
NONE 
NONE 
3.00000 
24.00000 
NONE 
3.00000 
24.00000 
NONE 
3.00000 
24 ..00000 
NONE 
3.00000 
24.00000 
NONE 
3.00000 
24.00000 
NONE 
3.00000 
24.00000 
1.00000 
904.32000-
6.00000-
14.00000-
1.12000-
6.00000-
14.00000-
1.12000-
5.34136-
1.12000-
1.12000-
6.00000 
1.12000 
397.32259 
30 MALOCT BS 
31 OCAPOCT UL 
32 &ICEI LL 100.00000 
33 LDLNOV BS 3.00000 
34 LDUNOV BS 3.00000 
35 OPLNOV UL 24.00000 
36 MALNOV UL . 
37 ODAPNOV UL 
38 LDLDEC BS 3.00000 
39 LDUDEC BS 3.00000 
40 OPLDEC UL 24.00000 
41 MALDEC UL 
42 OCAPDEC UL 
43 LDLJAN BS 3.00000 
44 LDUJAN BS 3.00000 
45 OPLJAN UL 24.00000 
46 MALJAN BS . 
47 OCAPJAN UL 
48 LKLFEB BS 3.00000 
49 LDUFEB BS 3.00000 
50 OPLFEB BS 18.20401 
51 MALFEB BS G 
52 OCAPFEB UL 
53 LDLMAR BS 3.00000 
54 LDUMAR UL 3.00000 
55 OPMAR UL 24.00000 
56 MIMA BS 
57 OGAPMAR UL 
58 LDLAPR BS 1.05285 
59 LDUAPR BS 1.05285 
60 OPLAPR UL 24.00000 
61 MALAPR BS * 
62 OCAPAPR BS 
63 &ICE2 LL 100.00000 
NONE .. ... 
NONE . 1.12000-
100.00000 NONE 6.19375 
.25000 NONE 
NONE 3.00000 
NONE 24.00000 6.00000-
NONE . 14.00000-
NONE . 1.12000-
.25000 NONE 
NONE 3.00000 
NONE 24.00000 6.00000-
NONE . 14.00000-
NONE , 1.12000-
.25000 NONE 
NONE 3.00000 
NONE 24.00000 6.00000-
NONE 
NONE . 1.12000-
.25000 NONE 
NONE 3.00000 
NONE 24.00000 
NONE 
NONE . 1.12000 
.25000 NONE 
NONE 3.00000 929.62567 
NONE 24.00000 3.33867 
NONE 
NONE . 1.12000 
.25000 NONE 
NONE 3.00000 
NONE 24.00000 6.00000 
NONE 
NONE 
100.00000 NONE 2.43282 
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Table B.lb. Model 1, Case 1: Column output 
LOWER UPPER REDUCED 
NO; COLUMN AT ACTIVITY INPUT COST LIMIT LIMIT COST 
64 IRW BS .97816 1323.30000 NONE 
665 INTANW BS .25000 823.37000 NONE 
66 MLGTW LL o  1355.26000 NONE 87.13521-
67 CORNW LL o  514.73000 NONE 733.55136-
68 SOYBW BS 1.76071 1500.00000 NONE 
69 SWTPW LL 2000.00000 NONE 1435.73359-
70 ONONW BS .01113 6800.00000 NONE 
71 IRD LL 8  1204.75000 NONE 405.44737-
72 INTAND BS 1.05285 1573.75000 NONE 
73 WWGD LL 930.19000 NONE 839.14514-
74 GORND LL 514.73000 NONE 750,12216-
75 SOYBD BS 1.47167 1500.OOUO NONE 
76 SWTPD LL 2000.0000 NONE 1361.17333-
77 ONOND BS .47548 6800.0000 NONE 
78 CAPBOR BS 2309.03901 1.12000- NONE 
79 CAPTRJUN BS 2127.82072 8  NONE 
80 CAPTRJUL BS 1882.55129 NONE 
81 CAPTRAUG BS 1816.93427 NONE 
82 CATRSEP BS 1816.93427 NONE 
83 CAPTROCT BS 1732.81504 NONE 
84 CAPTRNOV BS 1725.12004 NONE 
85 CAPTRDEC BS 849.60979 NONE 
86 CAPTRJAN BS 339.36665 NONE 
87 GAPTRFEB BS 209.11712 NONE 
88 CAPTRMAR BS 209.11712 o  NONE 
89 GAPTRAPR LL NONE 1.12000-
90 MLHAMAY BS 25.02713 6.00000- NONE 
91 MLHAJUN BS 7.47274 6.00000- NONE 
92 MLHAJUL LL 6.00000- NONE .65864-
93 MLHAAUG LL 6.00000- NONE 6.00000-
94 MLHASEP BS 19.42884 6.00000- NONE 
95 MLHAOCT LL 6.00000- NONE 6.00000-
96 MLHANOV BS 130.16759 6.00000- NONE 
97 MLHADEC BS 37.36750 6.00000- NONE 
98 MLHAJAN BS 35.50251 6.00000- NONE 
99 MLHAFEB LL 6.00000- NONE 6.00000-
100 MLHAMAR LL 6.00000- NONE 2.56133-
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Table B.lb. (continued) 
LOWER UPPER REDUCED 
NO. COLUMN AT ACTIVITY INPUT COST LIMIT LIMIT COST 
101 MLHAAPR BS 12. 84986 6.00000- NONE 
102 MALHAMAY BS 35. 73147 14.00000- NONE 
103 MALHAJUN BS 14. 05423 14.00000- NONE 
104 MALHAJUL LL 14.00000- NONE 14. 00000-
105 MALHAAUG LL 14.00000- NONE 14. 00000-
106 MALHASEP LL o  . 14.00000- NONE 14. 00000-
107 MALHAOCT LL a  14.00000- NONE 14. 00000-
108 MALHANOV BS 38 .91878 14.00000- NONE 
109 MALHADEC BS 8 .83003 14.00000- NONE 
110 MALHAJAN LL 14.00000- NONE 14. 00000-
111 MALHAFEB LL 14.00000- NONE 14. 00000-
112 MALHAMAR LL 14.00000- NONE 14. 00000-
113 MALHAAPR LL 14.00000- NONE 14. 00000-
Table B.2a. Model 1, Case 2A% Row output 
SLACK 
NO. ROW AT ACTIVITY ACTIVITY 
1 PROFIT BS 7402.85301 
2 LOLMAY BS 3.00000 
3 LOUMAY UL 3.00000 
4 OPLMAY UL 24.00000 
5 MALMAY UL 
6 OCAPMAY UL 1500.00000 
7 LDUUN BS 3.00000 
8 LDUJUN BS 3.00000 
9 OPLJUN UL 24.00000 
10 MAWUN UL 
11 OCAPJUN UL 
12 LDLJUL. BS 3.00000 
13 LDUJUL BS 3.00000 
14 OPLJUL UL 24.000000 
15 MALJUL BS 
16 OCAPJUL UL • 
17 LDLAUG BS 3.00000 
18 IDUAUG BS 3.00000 
19 OPLAUG BS 4.82098 
20 MALAUG BS 
21 OCAPAUG UL 
22 LDLSEP BS 3.00000 
23 LDUSEP BS 3.00000 
24 OPLSEP UL 24.00000 
25 MALSEP BS « 
26 OCAPSEP UL 
27 IDLOCT LL .25000 
28 LDUOCT BS .25000 
29 OPLOCT BS 8.75000 
30 MAIOCT BS • 
31. OCAPOCT UL * 
7402.85301-
2.75000-
2.75000-
2 
19 
75000-
75000 
17902 
2.75000 
2 
15 
75000 
25000 
LOWER 
LIMIT 
UPPER 
LIMIT 
DUAL 
ACTIVITY 
NONE NONE 1.00000 
O 25000 NONE 
NONE 3.00000 895.50658-
NONE 24.00000 6.00000-
NONE . 14.00000-
NONE 1500.00000 1.16118-
O25000 NONE 
NONE 3,.00000 
NONE 24.00000 6.00000-
NONE , 14.00000-
NONE . 1.16118-
.25000 NONE 
NONE 3.00000 
NONE 24.00000 4.36893-
NONE 
NONE . 1.16118-
.25000 NONE 
NONE 3.00000 
NONE 24.00000 
NONE 
NONE . 1.16118-
.25000 NONE 
NONE 3.00000 
NONE 24.00000 6.00000-
NONE 
NONE . 1.16118 
.25000 NONE 396.35897 
NONE 3.00000 
NONE 24.00000 
NONE 
NONE . 1.16118 
32 RlCEl LL 100.00000 
33 LDLNOV BS 3.00000 2 75000-
34 LDUNOV BS 3.00000 
35 OPLNOV UL 24.00000 
36 MALNOV UL 
37 OGAPKOV UL 
38 LDLDEC BS 3.00000 2 75000-
39 LDUDEC BS 3.00000 
40 OPLDEG UL 24.00000 
41 MALDEC UL 
42 OGAPDEC UL 
43 LDWAN BS 3.00000 2 75000-
44 LDUJAN BS 3.00000 
45 OPLJAN UL 24.00000 
46 MAWAN BS 
47 OCAPJ&N UL 
48 LDLFEB BS 3.00000 2 75000-
49 LDUFEB UL 3.00000 
50 OPLFEB BS 9.88741 14 11259 
51 MALFEB BS 
52 OCAPFEB UL 
53 LDIMR BS 3.00000 2 75000-
54 LDUMAR BS 3.00000 
55 opimR BS 14.02008 9 97992 
56 MALMAR BS 
57 OCAPMAR UL c  
58 LDIAPR BS 1.05285 80285-
5 9  LDUAPR BS 1.05285 1 .94715 
60 OPLAPR UL 24.00000 
61 MALAPR BS 
62 OCAPAPR BS * 
63 RICE 2 LL 100.00000 
)0.00000 
.25000 
NONE 
NONE 
NONE 
NONE 
.25000 
NONE 
NONE 
NONE 
NONE 
.25000 
NONE 
NONE 
NONE 
NONE 
.25000 
NONE 
NONE 
NONE 
NONE 
.25000 
NONE 
NONE 
NONE 
NONE 
.25000 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
3.00000 
24.00000 
NONE 
3.00000 
24„00000 
NONE 
3.00000 
24.00000 
NONE 
3.00000 
24.00000 
NONE 
3.00000 
24.00000 
NONE 
3.00000 
24.00000 
NONE 
5.93886 
6.00000-
14.00000-
1.16118-
6.00000-
14.00000-
1.16118-
6 
1 
937 
00000 
16118 
50658 
16118 
16118 
00000 
57842 
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Table B.2b, Model 1, Case 2A; Column output 
LOWER UPPER REDUCED 
NO. COLUMN AT ACTIVITY INPUT COST LIMIT LIMIT COST 
64 IRW BS ,97816 1323.30000 NONE . 
65 INTANW BS .25000 823.37000 NONE 
66 MLGTW LL 1355.26000 NONE 88.08541 
67 CORNW LL 514.73000 NONE 725.80413-
68 SOYBW BS 1.76071 1500.00000 NONE 
69 SWTPW LL 2000.00000 NONE 1450.14327-
70 ONONW BS .01113 6800.00000 NONE « 
71 IRD LL o  1204.00000 NONE 291.08761-
72 INTAND BS 1.05285 1573.75000 NONE 
. • 
73 WWGD LL 930.19000 NONE SAS.32756-
74 CORED LL 514.73000 NONE 748.25520-
75 SOYBD BS 1.80434 1500.00000 NONE • 
76 SWTPD LL 2000.00000 NONE 1268.45395-
77 ONOND BS .14281 6800.00000 NONE 
78 CAPTRJUN BS 1318.78170 NONE 
79 CAPTRJUL BS 1073.51228 NONE 
80 CAPTRAUG BS 1007.89526 NONE 
81 GAPTRDEC BS 1007.89526 u  NONE . 
82 CAPTROCT BS 923.77603 NONE 
83 CAPTRNOV BS 916.08103 NONE 
84 GAPTRDEC BS 521.27036 NONE 
85 GAPTRJAN BS 197.65175 • NONE • 
86 CAPTRFEB BS 117.30184 NONE 
87 GAPTRMAR BS 117.30184 g  NONE 
88 CAPTRAPR LL • • NONE 1.16118-
89 MLHAMAY BS 25.02713 6.00000- NONE 
90 MLHAJUN BS 7.47274 6.00000- NONE , 
91 MLHAJUL LL 6.00000- NONE 1.63107-
92 MLHAAUG LL 6.00000- NONE 6.00000-
93 MLHASEP BS 19.42884 6.00000- NONE 
94 MLHAOGT LL 6.00000- NONE 6.00000-
95 MLHANOV BS 51.32621 6.00000- NONE 
96 MLHADEG BS 14.74635 6.00000- NONE 
97 MLHAJAN BS 1.23811 6.00000- NONE 
98 MLHAFEB LL 6.00000- NONE 6.00000-
99 MLHAMAR LL 6.00000- NONE 
100 MLHAAPR BS 12.84986 6.00000- NONE 
101 MALHAMAY BS 35.73147 14.00000- NONE 
102 MALHAJUN BS 14.05423 14.00000- NONE 
103 MALHAJUL BS 14.00000- NONE 14.00000-
104 MàLHAAUG LL 14.00000- NONE 14.00000-
105 MLHASEP LL 14.00000- NONE 14.00000-
106 MALHAOGT LL • 14.00000- NONE 14.00000-
107 MAUîANOV BS 36.25746 14.00000- NONE 
108 MALHADEG BS 10.82601 14.00000- NONE 
109 MALHAJAN LL 14.00000- NONE 14.00000-
110 MALHAFEB LL 14.00000- NONE 14.00000-
111 MALHAMAR LL * 14.00000- NONE 14.00000-
112 MALMAPR. 14.00000- NONE 14.00000-_ 
Table B.3a* Model 1, Case 2B: ROW output 
NO ROW ACTIVITY 
STACK 
ACTIVITY 
1 PROFIT BS 9096.89847 
2 LDLMAY BS 3.00000 
3 LDUMÂY UL 3.00000 
4 OPimY UL 24.00000 
5 MAmAY UL 
6 OCAPMAY UL 3000.00000 
7 LDLJUN BS 3.00000 
8 LDUJUN BS 3.00000 
9 OPLJUN UL 24.00000 
10 MALJUN UL • 
11 OCAPJUN UL « 
12 LDLJUL BS 3.00000 
13 LDUJUL BS 3.00000 
14 OPLJUL UL 24.00000 
15 MALJUL BS • 
16 OCAPJUL UL 
17 LDIAUG BS 3.00000 
18 LDUAUG BS 3.00000 
19 OPIAUG BS 11.92379 
20 miAUG BS • 
21 OGAPAUG UL 0  
22 LDLSEP BS 3.00000 
23 LDUSEP BS 3.00000 
24 OPLSEP UL 24.00000 
25 MALSEP BS • 
26 OCAPSEP UL • 
27 LDLOCT LL .25000 
28 LDUOCT BS .25000 
29 OPLOCT BS 8.75000 
30 MALOCT BS « 
31 OGAPOCT UL 
9096 
2 
2 
12 
15 
LOWER 
LIMIT 
UPPER 
LIMIT 
DUAL 
ACTIVITY 
NONE NONE 1.00000 
25000 NONE 
NONE 3.00000 910.289^ /-
NONE 24.00000 6.00000-
NONE . 14.00000-
NONE 3000.00000 1.09211-
25000 NONE 
NONE 3.00000 
NONE 24.00000 6.00000-
NONE . 14.00000-
NONE . 1.09211-
25000 NONE 
NONE 3.00000 
NONE 24.00000 6.00000-
NONE 
NONE . 1.09211-
.25000 NONE 
NONE 3.00000 
NONE 24.00000 
NONE 
NONE . 1.09211-
.25000 NONE 
NONE 3.00000 
NONE 24.00000 6.00000-
NONE 
NONE . 1.09211 
.25000 NONE 379.97527 
NONE 3.00000 
NONE 24,00000 
NONE 
NONE . 1.09211 
32 RICEl LL 100.00000 
33 LDLNOV BS 3.00000 
34 LDUNOV BS 3.00000 
35 OPLNOV UL 24.00000 
36 MAILNOV UL 
37 OCAPNOV UL 
38 LDLDEG BS 3.00000 
39 LDUDEC BS 3.00000 
40 OPLDEC UL 24.00000 
41 MALDEC UL 
42 OGAPDEC UL 
43 IHLJAN BS 3.00000 
44 LDUJAN BS 3.00000 
45 OPLJAN UL 24.00000 
46 MÂLJAN BS 
47 OGAPJAN UL 
48 LDLFEB BS 3.00000 
49 LDUFEB UL 3.00000 
50 OPLFEB BS 18.20401 
51 MALFEB BS 
52 OGAPFEB UL 
53 LDLMAR BS 3.00000 
54 LDUMAR BS 3.00000 
55 OPLMAR UL 24.00000 
56 MALMAR BS g  
57 OGAPMAR UL Q  
58 LDUPR BS 1.05285 
59 LDUAER BS 1.05285 
60 OriAÊR UL 24.00000 
61 MALAPR BS 
62 OGAPAPR BS 
63 RICE 2 LL 100.00000 
2.75000-
2.75000 
2.75000 
2.75000 
5.79599 
2.75000 
.80285 
1.94715 
100.00000 NONE 6.36639 
.25000 NONE 
NONE 3.00000 
NONE 24.00000 6.00000-
NONE . 14.00000-
NONE . 1.09211-
.25000 NONE 
NONE 3.00000 
NONE 24.00000 6.00000-
NONE . 14.00000-
NONE . 1.09211-
.25000 NONE 
NONE 3.00000 
NONE 24.00000 6.00000-
NONE 
NONE . 1.09211-
.25000 NONE 
NONE 3.00000 924.28947 
NONE 24.00000 
NONE 
NONE . 1.09211 
.25000 NONE 
NONE 3.00000 
NONE 24.00000 5.60000 
NONE 
NONE . 1.09211 
.25000 NONE 
NONE 3.00000 
NONE 24.00000 6.00000 
NONE 
NONE 
100.00000 NONE 2.33421 
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Table B.3b. Model 1, Case 2B; Column output 
LOWER UPPER REDUCED 
NO. COLUMN AT ACTIVITY INPUT COST LIMIT LIMIT COST 
64 IRW BS .97816 1323.30000 NONE 
65 INTANW BS .25000 823.37000 NONE 
66 MLGTW LL • 1355.26000 NONE 86.49163-
67 CORNW LL « 514.73000 NONE 738.79868-
68 SOYBW BS 1.47659 1500.00000 NONE 
69 SWTPW LL • 2000.00000 NONE 1425,97368-
70 ONONW BS .29525 6800.00000 NONE 
71 IRD LL 1204.75000 NONE 482.90510-
72 INTANDQ BS 1.05285 1573.75000 NONE » 
73 WWGD LL • 930.19000 NONE 832.92742-
74 CORND LL • 514.73000 NONE 751.38668-
75 SOYBD BS 1.47167 1500.00000 NONE 
76 SWTPD LL 2000.00000 NONE 1423.97368-
77 ONOND BS .47548 6800.00000 NONE 
78 CAPTRJUN BS 2408.23950 NONE 
79 CAPTRJUL BS 2003.58311 NONE 
80 CAPTRAUG BS 1895.34925 NONE 
81 CAPTRSEP BS 1895.34925 NONE 
82 CAPTROCT BS 1732.81504 NONE 
83 CAPTRNOV BS 1725.12004 NONE 
84 CAPTRDEC BS 849.60979 NONE 
85 GAPTRJAN BS 339.36665 NONE 
86 CAPTRFEB BS 209.11712 NONE 
87 CAPTRMAR BS 209.11712 NONE 
88 CAPTRAPR LL NONE 1.09211-
89 MLHAMAY BS 92.36173 6.00000- NONE 
90 MLHAJUN BS 26.22415 6.00000- NONE 
91 MLHAJUL BS 29.26356 6.00000- NONE 
92 MLHAAUG LL 6.00000- NONE 6.00000-
93 MLHASEP BS 27.95221 6.00000- NONE 
94 MLHAOCT LL 6.00000- NONE 6.00000-
95 MLHANDV BS 130.16750 6.00000- NONE 
96 MLHADEC BS 37.36750 6.00000- NONE 
97 MLHAJAN BS 35.50251 6.00000- NONE « 
98 MLHAFEB LL 6.00000- NONE 6.00000-
99 MLHAMAR LL 6.00000- NONE .40000-
100 MLHAAPR BS 12.84986 6.00000- NONE 
101 MALHAMAY BS 38.00437 14.00000- NONE 
102 MALHAJUN BS 12.34956 14.00000- NONE 
103 MALHAJUL LL 14.00000- NONE 14.00000-
104 MÂLHKAUG LL 0  14.00000- NONE 14.00000-
105 MALHASEP LL 14.00000- NONE 14.00000-
106 MALHAQCT LL 14.00000- NONE 14.00000' 
107 MLHANOV BS 38,91878 14.00000- NONE 
108 MALHADEC BS 8.83003 14.00000- NONE 14.00000-
109 MLHAJAN LL 14.00000- NONE 14.00000-
110 MALHAFEB LL 14.00000- NONE 14.00000-
111 MALHAMAR LL 14.00000- NONE 14.00000-
112 MALHAAPR LL 14.00000- NONE 14.00000-
Table Be4a. Model 2, Case 1 ; Row output 
SLACK 
NO. ROW AT ACTIVITY ACTIVITY 
1 PROFIT BS 6555.34863 
2 L!\LMAY BS 3.00000 
3 LDUMAY BS 3,00000 
4 OPLMAY UL 24.00000 
5 MAimY UL 
6 OCAPMAY UL • 
7 LDLJUN BS 3.00000 
8 LDUJUN BS 3.00000 
9 OPLJUN UL 24.00000 
10 NALJUN UL 
11 OCAPJUN UL 
12 LDLJUL BS 3.00000 
13 LDUJUL HS 3000000 
14 OPUUL UL 24.00000 
15 MALJUL BS 
16 0GAPJUL UL 
17 LDIAUG BS 3.00000 
18 LDUAUG BS 3.00000 
19 OPLAUG BS 7.50000 
20 MAlAUG BS 
21 OCAPAUG UL 
22 LDLSEP BS 3.00000 
23 LDUSEP UL 3.00000 
24 OPLSEP UL 24.00000 
25 MALSEP BS 
26 OCAPSEP UL o 
27 LDLOCT BS 3.00000 
28 LDUOCT BS 3.00000 
29 OPLOCT UL 24.00000 
6555.; 
2 .  
2 
16 
LOWER 
LIMIT 
UPPER 
LIMIT 
DUAL 
ACTIVITY 
NONE 
25000 
NONE 
NONE 
NONE 
NONE 
25000 
NONE 
NONE 
NONE 
NONE 
25000 
NONE 
NONE 
NONE 
NONE 
25000 
NONE 
NONE 
NONE 
NONE 
.25000 
NONE 
NONE 
NONE 
NONE 
.25000 
NONE 
NONE 
NONE 
NONE 
3.00000 
24.00000 
NONE 
3.00000 
24.00000 
NONE 
3.00000 
24.00000 
NONE 
3.00000 
24.00000 
NONE 
3.00000 
24.00000 
NONE 
3.00000 
24.00000 
1.00000 
6.00000-
14.00000-
1.12000-
6.00000-
14.00000-
1.12000-
6.00000-
1.12000-
1.12000-
920.62667-
2.73867-
1.12000-
6.00000-
30 MkDCT UL 
31 OCA.'OCT UL 
32 LDLNOV BS 3.00000 2 75000-
33 LDUNOV U1 3.00000 
34 OPLNOV UL 24.00000 
35 MALNOV UL 
34 OGAPNOV UL 
37 LDLDEC BS 3.00000 2. 75000 
38 LDUDEC BS 3.00000 
39 OPLDEG UL 24.00000 
40 MALDEC BS 
41 OCAPDEG UL 
42 LDLJAN BS 3.00000 2 75000 
43 LDUJÂN BS 3.00000 
44 OPLJAK BS 10.04167 13 95833 
45 MAWAN BS G 
46 OGAPJAN UL E 
47 LDLFEB BS 3.00000 2 75000 
48 LDUFEB BS 3.00000 
49 OPLFEB UL 24.00000 
50 MALF3B BS 
51 OCAPFEB UL 
52 LDLMAR LL .25000 
53 LDUMAR BS .25000 2 75000 
54 OPILIAR BS 8.75000 15 .25000 
55 MALMAR BS 
56 OCAPMAR BS 
NONE 
NONE 
25000 
NONE 
NONE 
NONE 
NONE 
25000 
NONE 
NONE 
NONE 
NONE 
25000 
NONE 
NONE 
NONE 
NONE 
25000 
NONE 
NONE 
NONE 
NONE 
25000 
NONE 
NONF 
NONE 
NONE 
NONE 
3.00000 
24c00000 
NONE 
3.00000 
24.00000 
NONE 
3.00000 
24.00000 
NONE 
3.00000 
24.00000 
NONE 
3.00000 
24.00000 
14.00000 
1.12000 
929.62667 
6.00000 
14.00000 
1.12000 
6.00000 
1.12000 
1.12000 
3.33867 
1.12000 
21.06947 
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Table B.4b, Model 2, Case 1: Column output 
LOWER UPPER REDUCED 
NO. COLUMN AT ACTIVITY INPUT COST LIMIT LIMIT COST 
57 IRW LL 1323.30000 NONE 485.18640-
58 INTANW LL o  823.37000 NONE 880.16227-
59 MLGTW LL 1355.26000 NONE 345.06480-
60 GORNW LL 514.73000 NONE 739.00416-
61 SOYBW BS 2.70000 1500.00000 NONE 
62 SWTPW LL 2000.00000 NONE 1268.17333-
63 ONONW BS .30000 6800.00000 NONE • 
64 IRD LL 1204.75000 NONE 1517.97507-
65 INTAND BS .25000 1573.75000 NONE 
66 WWGD LL 930.19000 NONE 719.09600-
67 CORND LL 514.73000 NONE 750.12216-
68 SOYBD BS 2.40833 1500.00000 NONE 
69 SWTPD LL a 2000.00000 NONE 1361.17333-
70 ONOND BS .34167 6800.00000 NONE 
71 GAPBOR BS 2827.14333 1.12000- NONE 
72 CAPTRJUN BS 2183.64333 NONE 
73 CAPTRJUL BS 1703.34333 NONE 0  
74 CAPTRAUG BS 1658.34333 o  •  NONE 
75 CAPTRSEP BS 1658.34333 NONE 
76 CAPTROCT BS 1455.54333 0  •  NONE 
77 CAPTRNOV BS 756.95250 NONE 
78 CAPTRDEC BS 269.54350 NONE 
79 CAPTRJAN BS 204.30000 NONE 
80 CAPTRFEB BS 204.30000 • • NONE 
81 CAPTRMàR LL NONE 1.12000-
82 MNLHAMAY BS 59.10000 6.00000- NONE 
83 MNLHAJUN BS 13.80000 6.00000- NONE . 
84 MNLHAJUL BS 8.40000 6.00000- NONE 
85 MNLHAAUG LL a  6.00000- NONE 6.00000-
86 MNLHASEP LL 6.00000- NONE 3.26133-
87 MNLHAOCT BS 75.975 0 6.00000- NONE 
88 MNLHANOV BS 15.27833 6.00000- NONE 
89 MNLHADEC BS 13.69167 6.00000- NONE 
90 MNLHAJAN LL « 6.00000- NONE 6.00000-
91 MNLHAFEB LL « 6.00000- NONE 2.66133-
92 MNLHAMR LL 6.00000- NONE Ô .00000-
93 malmmav BS 41.40000 14.00000- NONE 
94 MALHÀJUW BS 16.20000 14,00000- NONE 
95 MALHAJUL LL o 14.00000- NONE 14.00000-
96 MLHÂAUG LL • 14.00000- NONE 14.00000-
97 MÂLHASEP LL o 14.00000- NONE 14.00000-
98 MALHAOCT BS 40.81083 14.00000- NONE 
99 MALHANOV BS 14.45000 14.00000- NONE 
100 MALHADEC LL a 14.00000- NONE 14.00000-
101 MALHÂJAN LL 14.00000- NONE 14.00000-
102 MALHAFEB LL * 14.00000- NONE 14.00000-
103 MALHAMR LL u 14.00000- NONE 14.00000-
Table B.5a. Model 2 ,  Case 2A; Row output 
NO. ROW AI ACTIVITY 
1 PROFIT BS 7992.17884 
2 LDLMAY BS 3.00000 
3 LDUMAY UL 3.00000 
4 OPLMAY UL 24.00000 
5 MALMAY UL . 
6 OGAPMAY UL 1500.00000 
7 LDLJUN BS 3.00000 
8 LDUJUN BS 3.00000 
9 OLPJUN UL 24.00000 
10 MALJUN UL e 
11 OCAPJUN UL c 
12 LDLJUL BS 3.00000 
13 LDUJUL BS 3.00000 
14 OPLJUL BS 10.27271 
15 MALJUL BS « 
16 OCAPJUL UL • 
17 LDLAUG BS 3.00000 
18 LDUAUG BS 3.00000 
19 OPLAUG BS 2.37794 
20 MALAUG BS 
21 OGAPAUG UL 
22 LDLSEP BS 3.00000 
23 LDUSEP BS 3.00000 
24 OPLSEP BS 17.85353 
25 MALSEP BS q 
26 OCAPSEP UL o 
27 LDLOCT BS 3.00000 
28 LDUOCT BS 3.00000 
29 OPLOCT UL 24.00000 
SLACK 
ACTIVITY 
7992.17884-
2.75000-
2 
13 
2 
21 
LOWER 
LIMIT 
UPPER 
LIMIT 
DUAL 
ACTIVITY 
NONE 
25000 
NONE 
NONE 
NONE 
NONE 
25000 
NONE 
NONE 
NONE 
NONE 
25000 
NONE 
NONE 
NONE 
NONE 
.25000 
NONE 
NONE 
NONE 
NONE 
.25000 
NONE 
NONE 
NONE 
NONE 
.25000 
NONE 
NONE 
NONE 
NONE 
3.00000 
24.00000 
1500.00000 
NONE 
3.00000 
24.00000 
NONE 
3.00000 
24.00000 
NONE 
3.00000 
24.00000 
NONE 
3.00000 
24.00000 
NONE 
3.00000 
24.00000 
1.00000 
870.07072-
6.00000-
14.00000-
1.42023-
6.00000-
14.00000-
1.42023-
1.42023-
1.42023 
1.42023 
6.00000 
30 MALOCT UL o  
31 0GÂP0CT UL O  
32 LDLNOV BS 3.00000 
33 LDUNOV BS 3.00000 
34 OPLNOV UL 24.00000 
35 MALNOV UL 
36 OGAPNOV UL 
37 LDLDEC BS 3.00000 
38 LDUDEC BS 3.00000 
39 OPLDEC BS 8.22817 
40 MÂLDEC BS 
41 OGAPDEC UL 
42 LDLJÂN BS 3.00000 
43 LDUJAN BS 3.00000 
44 OPLJAN BS 4.44706 
45 MAWAN BS 
46 OGÂPJÂN UL 
47 LDLFEB BS 3.00000 
48 LDUFEB UL 3.00000 
49 OPLFEB BS 11.97076 
50 MALFEB BS 
51 OGAPFEB UL 
52 LDLMAR BS .68571 
53 LDUMAR UL .68571 
54 OPIMAR UL 24.U000U 
55 MALMAR BS 0  
56 OCAPMAR BS 
2.75000-
2 
15 
2 
19 
75000-
77183 
75000-
55294 
2.75000 
12.02924 
43571 
31429 
NONE . 14.00000-
NONE . 1.42023-
.25000 NONE 
NONE 3.00000 
NONE 24.00000 5.82353-
NONE . 14.00000-
NONE . 1.42023-
.25000 NONE 
NONE 3.00000 
NONE 24.00000 
NONE 
NONE . 1.42023-
.25000 NONE 
NONE 3.00000 
NONE 24.00000 
NONE 
NONE . 1.42023 
.25000 NONE 
NONE 3.00000 882.77661 
NONE 24.00000 
NONE 
NONE . 1.42023 
.25000 NONE 
NONE 3.00000 
NONE 24.00000 1.31361 
NONE 
NONE 
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Table B.5b. Model 2, Case 2A: Column output 
LOWER UPPER REDUCED 
NO. COLUMN AT ACTIVITY INPUT COST LIMIT LIMIT COST 
57 IRW LL 1323.0000 NONE 256.20025-
58 INTANW LL • 823.37000 NONE 817.58872-
59 MLGTW LL 1355.26000 NONE 173.41919-
60 CORNW LL « 514.73000 NONE 687.64212-
61 SOYBW BS 2.90488 1500.00000 NONE a 
62 SWÎPW LL 2000.00000 NONE 1348.25493-
63 ONONW BS .09512 6800.00000 NONE 
64 IRD LL 1204.75000 NONE • 
65 INTAND BS .68571 1573.75000 NONE o 
66 WWGD LL 930.19000 NONE 777.06983-
67 CORND LL 514.73000 NONE 699.99506-
68 SOYBD BS 2.30097 1500.00000 NONE 
69 SWTPD LL 2000.00000 NONE 1357.43140-
70 ONOND BS .01331 6800.00000 NONE 
71 CAPTRJUN BS 1152.55500 NONE 
72 CAPTRJUL BS 787.19400 , NONE 
73 CAPTRAUG BS 772.92635 NONE 
74 CATPRSEP BS 772.92635 NONE * 
75 CAPTROCT BS 626.67388 NONE 
76 CAPTRNOV BS 411,47617 NONE 
77 CAPTRDEC BS 136.62131 » NONE 
78 CAPTRJAN BS 96.24524 NONE 
79 CAPTRFEB BS 96.24524 NONE o 
80 CAPTRMAR LL NONE 1.42023-
81 MNLHAMAY BS 10.54288 6.00000- NONE 
82 MNLHAJUN BS .27776 6.00000- NONE 
83 MNLHAJUL LL o 6.00000- NONE 6,00000-
84 MNLHAAUG LL 6.00000- NONE 6.00000-
85 MNLHASEP LL 6.00000- NONE 6,00000-
86 MNLHAOCT BS 10.35469 6.00000- NONE 
87 MNLHANG7 LL 6.00000- NONE ,17647-
88 MNLHADEC LL 6.00000- NONE 6.00000-
89 MNLHAJAN LL 6.00000- NONE 6.00000-
90 MNLHAFEB LL 6.00000- NONE 6.00000-
91 MNLHAMAR LL 6.00000- NONE 4.68639-
92 MALHAMAY BS 39.76094 14.00000- NONE 
93 MALHAJUN BS 17.42929 14.00000- NONE 
94 MALHAJUL LL 14.00000- NONE 14.00000-
95 MALHAAUG LL 14.00000- NONE 14.00000-
96 MALHASEP LL 14.00000- NONE 14,00000-
97 MALHAOCT BS 36.57620 14.00000- NONE 
98 MALHANOC BS 13.80585 14.00000- NONE 
99 MLHADEG LL 14.00000- NONE 14.00000-
100 MALHAJAN LL 14.00000- NONE 14.00000-
101 MALHAFEB LL 14.00000- NONE 14.00000-
102 MALHAMAR LL 14.00000- NONE 14.00000-
Table B.6a. Model 2, Case 2B: Row output 
NO. ROW AT ACTIVITY 
1 PROFIT BS 9909.67393 
2 LDLMAY BS 3.00000 
3 LDUMAY BS 3.00000 
4 OPLMAY UL 24.00000 
5 MAI2!AY UL 
6 OCAPMAY UL 3000.00000 
7 LDLJUN BS 3.00000 
8 LDUJUN BS 3.00000 
9 OPLJUN UL 24,00000 
10 MALJUN UL 
11 JCAPJUN UL 
12 LDLJUL BS 3.00000 
13 LDUJUL BS 3.00000 
14 OPLJUL UL 24.00000 
15 MALJUL BS 
16 OCAPJUL UL 
17 LDLAUG BS 3.00000 
18 LDUAUG BS 3.00000 
19 OPLAUG BS 7.50000 
20 MALAUG BS 
21 OCAPAUG UL 
22 LDLSEP BS 3.00000 
23 LDUSEP UL 3.00000 
24 OPLSEP UL 24.00000 
25 MALSEP BS 
26 OGAPSEP UL 
27 LDLOCT BS 3.00000 
SLACK 
ACTIVITY 
9909 
2 
2 
16 
67393-
75000-
75000-
75000-
75000 
50000 
75000 
2.75000 
LOWER 
LIMIT 
UPPER 
LIMIT 
DUAL 
ACTIVITY 
NONE 
25000 
NONE 
NONE 
NONE 
NONE 
25000 
NONE 
NONE 
NONE 
NONE 
.25000 
NONE 
NONE 
NONE 
NONE 
.25000 
NONE 
NONE 
NONE 
NONE 
.25000 
NONE 
NONE 
NONE 
NONE 
.25000 
NONE 
NONE 
3.00000 
24.00000 
3000.00000 
NONE 
3.00000 
24.00000 
NONE 
3.00000 
24.00000 
NONE 
3.00000 
24.00000 
NONE 
3.00000 
24.00000 
1.00000 
6.00000-
14.00000-
1.08717-
6.00000-
14.00000-
1.08717-
6.00000-
1.08717-
1.08717 
914.34539 
5.40000 
1.09817 
NONE 
28 LDUOCT BS 3.00000 
29 OPLOCT UL 24.00000 
30 MALOCT UL 
31 OCAPOCT UL f, 
32 LDLNOV BS 3.00000 
33 LDUNOV BS 3.00000 
34 OPLNOV UL 24.00000 
35 MÂ.LNQV UL 
36 OCAPNOV UL 
37 LBLDEC BS 3,00000 
38 LDUDEC BS 3.00000 
39 OPLDEC UL 24.00000 
40 MALDEC BS 
41 OCAPDEC UL 
42 LDLJAN BS 3.00000 
43 LDUJAN BS 3.00000 
44 OPLJAN BS 11.81856 
45 MALJÂN BS 
46 OCÂPJÂN UL 
47 LDLFEB BS 3.00000 
48 LDUFEB UL 3.00000 
49 OPLFEB UL 24.00000 
50 MALFEB BS 
51 OCAPFEB UL 
52 LDIMR LL 0 25000 
53 LUDMAR BS .25000 
54 OPLMAR BS 8.75000 
55 MALMAR BS 
56 OCAPMAR BS G 
NONE 3.00000 
NONE 24.00000 6.00000-
NONE . 14.00000-
NONE . 1.08717-
25000 NONE 
NONE 3.00000 
NONE 24.00000 6.00000 
NONE . 14.00000 
NONE . 1.08717 
25000 NONE 
NONE 3.00000 
NONE 24.00000 6.00000 
NONE 
NONE . 1.08717 
25000 NONE 
NONE 3,00000 
NONE 24.00000 
NONE 
NONE O 1.08717 
25000 NONE 
NONE 3.00000 923.34539 
NONE 24.00000 6.00000 
NONE 
NONE , 1.08717 
25000 NONE 10.04638 
NONE 3.00000 
NONE 24.00000 
NONE 
NONE 
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Table B. 6b. Modôl 2, Case 2B: Column output 
LOWER UPPER REDUCED 
NO. COLUMN AT ACTIVITY' INPUT COST LIMIT LIMIT COST 
57 IRW LL 1323.30000 NONE 566.75911-
58 INTANW LL o 823.37000 NONE 871.25862-
59 MLGTW LL 1355.26000 NONE 428.12893-
60 CORNW LL a 514.73000 NONE 740.49236-
61 SOYBW BS 2.70000 1500.00000 NONE • 
62 SWTPW LL 2000.00000 NONE 1342.08224-
63 ONOÎW BS .30000 6800.00000 NONE • 
64 IRD LL 1204.75000 NONE 1593.69821-
65 INTAND BS .25000 1573.75000 NONE « 
66 WWGD LL 930,19000 NONE 717.50215-
67 CORND LL 514,73000 NONE 751,61036-
68 SCYBD BS 2.33726 1500.00000 NONE 
69 SWTPD LL o 2000.00000 NONE 1435.08224-
70 ONOND BS ,41274 6800.00000 NONE e 
71 CAPTRJUN BS 2356.50000 , . NONE 
72 CAPTRJUL BS 1876.20000 • o NONE . 
73 CAPTRAUG BS 1831.20000 o o NONE 
74 CAPTRSEP BS 1831.20000 • o NONE 
75 CAPTROCT BS 1628.40000 • o NONE 
76 CAPTRNOV BS 827.10444 0 • NONE o 
77 GAPTRDEC BS 299.82085 NONE * 
78 CAPTRJAN BS 223.91696 NONE 
79 CAPTRFEB BS 223.91696 # . NONE 
80 CAPTRMAR LL o # , NONE 
81 MNLHAMAY BS 59.10000 6.00000- NONE 1.08717-
82 MNLHAJUN BS 13.80000 6.00000- NONE 0 
83 MNLHAJUL BS 8.40000 6.00000- NONE 
84 MNLHAAUG LL 6.00000- NONE 6.00000-
85 MNLHASEP LL o 6.00000- NONE .60000-
86 MNLHAOCT BS 92.82000 6.00000- NONE 
87 MNLHANOV BS 20.11150 6.00000- NONE 
88 MNLHADEC BS 21.01249 6.00000- NONE , 
89 MNLHAJAN LL 6.00000- NONE 6.00000-
90 MNLHAFEB BS 2.13228 6.00000- NONE 
91 MNLHAMàR LL 6.00000- NONE 6.00000-
92 MÂLHAM/kY BS 41.40000 14.00000- NONE 
93 MALHAJUN BS 16.20000 14.00000- NONE 
94 MALHAJUL LL « 14.00000- NONE 14.00000-
95 MALHAAUG LL 14,00000- NONE 14.00000-
96 MALHASEP LL 14.00000- NONE 14.00000-
97 MALHAOCT BS 41.37944 14,00000- NONE 
98 MLHÂNOV BS 14.02354 14.00000- NONE 
99 MALHADEC LL 14.00000- NONE 14.00000-
100 MALHAJAN LL 14,00000- NONE 14.00000-
101 MALHAFEB LL 14,00000- NONE 14.00000-
102 MALHAMAR LL • 14,00000- NONE 14.00000-
